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(54) DISPLAY DEVICE AND DRIVE METHOD THEREFOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device, enabling 
reduction in power consumption and size. 

SOLUTION: The liquid crystal display device Is provided with a pixel array part 1 , 
address decoders 2. 3, display memory 4 (VRAM), and a VRAM controller 5, and 
transmits and receives signals to/from a CPU 6 and a peripheral circuit 7. The pixel 
array part 1 is of an area gradation pixel structure, in which each pixel is composed of a 
plurality of one-bit memories. The whole pixel array part 1 is divided into pixel blocks 
consisting of plural pixels, and oiie-bit memory rewrite is performed in block units. The 
one-bit memory is of a dual word line structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more display pixels arranged in the shape of a matrix, and two or more scanning lines arranged 
along with the line writing direction of this display pixel, The data line arranged along the direction of a train of 
this display pixel, and the data-line actuation circuit which supplies pixel data to said data line. In the display 
which equipped said scanning line with the control section which controls the scanning^line actuation circuit 
which supplies a scan signal, and said dataHine actuation circuit and said scanning-line actuation circuit said 
display pixel The sampling section which samples said pixel data which answer and correspond to said scan signal, 
The memory section holding the associated data sampled by this sampling section. It has two or more becoming 
subdisplay pixels, the display which performs a predetermined display based on said associated data — since 
said two or more subdisplay pixels the [ which is prepared corresponding to the data line of 1, and the scanning 
line of 1 ] — the [ which is prepared corresponding to a 1 secondary display pixel, and said data line of 1 and 
other scanning lines ] — the display characterized by including a 2 secondary display pixel. 
[Claim 2] said scanning line of 1 — said — others — the 1 scanning line adjoins mutually and is arranged — 
having — the [ said / the 1st and ] — the display according to claim 1 characterized by for a 2 secondary display 
pixel separating said data line of 1 . and arranging it. 

[Claim 3] said scanning line of 1 — said — others — the 1 scanning line adjoins mutually and is arranged — 
having — the [ said / the 1st and ] — the display according to claim 1 characterized by arranging a 2 secondary 
display pixel between said data line of 1 , and other data lines which adjoin this data line of 1 . 
[Claim 4] Said two or more subdisplay pixels are displays according to claim 1 characterized by being formed by 
screen product different, respectively. 

[Claim 5] Each of two or more of said subdisplay pixels is a display according to claim 4 with which it is prepared 
corresponding to the bit of said pixel data, and the subdisplay pixel corresponding to the bit by the side of MSB 
(Most Significant Bit) of said pixel data is characterized by a screen product being large. 

[Claim 6] The ratio of the screen product of each of two or more of said subdisplay pixels is a display according 
to claim 5 characterized by being set as the exponentiation of 2. 

[Claim 7] Said memory section is a display according to claim 1 characterized by consisting of SRAM. 
[Claim 8] the [ by which said two or more subdisplay pixels were connected to the 1st word line ] — with a 1 
secondary display pixel the [ which was connected to the 2nd word line ] — the [ a 2 secondary display pixel and 
/ which was connected to the 3rd word line ] — with a 3 secondary display pixel the [ which was connected to 
the 4th word line ] — a 4 secondary display pixel — having — the [ said 1st / the / - ] — the display according 
to claim 1 with which, as for each of a 4 secondary display pixel, only a predetermined period is characterized by^ -* 
what is displayed by a unit of 1 time within an one-frame period, respectively. 

[Claim 9] the [ said 1st / the / - ] — the display according to claim 8 characterized by forming a 4 secondary 
display pixel by screen product different, respectively. 

[Claim 10] The memory cell which consists of two or more 1-bit memory installed successively in all directions, 
and the pixel electrode prepared corresponding to each of two or more of said 1-bit memory. The connection 
control circuit which carries out change control of whether the connection path of said data line and said 1-bit 
memory is intercepted according to the logic of a word line, The display characterized by having the polarity- 
reversals circuit which carries out change control of whether the polarity of the data sent and received between 
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said data lines and said 1-bit memory is reversed according to a polar control signal. 

[Claim 1 1] The display according to claim 10 characterized by for 1 pixel consisting of plurality which said 1-bit 
memory adjoins, and preparing said at least one 1-bit memory for red, said at least one 1-bit memory for green, 
and said at least one 1-bit memory for blue in 1 pixel. 

[Claim 12] It is the display according to claim 10 which 1 pixel consists of plurality which said 1~bit memory 
adjoins, and said two or more 1-bit memory for red, said two or more 1-bit memory for green, and said two' or 
more 1-bit memory for blue are prepared in 1 pixel, and is characterized by the area of two or more of said 1-bit 
memory of each color differing mutually. 

[Claim 13] The memory cell which consists of two or more 1-bit memory installed successively in all directions, 
and the pixel electrode prepared corresponding to said 1-bit memory of two or more predetennined individuals, It 
has two or more subword lines in which logic becomes settled by the logic of two or more 1 st word lines and the 
2nd word line. To each of said subword line The display characterized by performing R/W of said 1-bit memory-for 
two or more pixels which said 1-bit memory for two or more pixels is connected, and correspond by the logic of 
said subword line. 

[Claim 14] The display according to claim 13 characterized by having two or more data lines installed successively 
in the 2nd different direction from the 1st direction where said subword lines are installed successively, and the 
polarity-reversals circuit which carries out change control of whether the polarity of the data sent and received 
between said data lines and said 1-bit memory is reversed according to a polar control signal. 
[Claim 15] Two or more display pixels arranged in the shape of a matrix, and two or more scanning lines arranged 
along with the line- writing direction of this display pixel. The data line arranged along the direction of a train of 
this display pixel, and the. data-line actuation circuit which supplies pixel data to said data line, In the display 
which equipped said scanning line with the control section which controls the scanning-line actuation circuit 
which supplies a scan signal, and said data-line actuation circuit and said scanning-line actuation circuit said 
display pixel The sampling section which samples said pixel data which answer and correspond to said scan signal. 
The memory section holding the associated. data sampled by this sampling section, It has two or more becoming 
subdisplay pixels, the display which performs a predetermined display based on said associated data — since — 
said two or more subdisplay pixels the [ of n (n>=1) individual connected to the 1st data line ] — the [ a 1 
secondary display pixel and / which are connected to the 2nd data line / said / n ] — the. display characterized 
by including a 2 secondary display pixel. 

[Claim 16] It is the display according to claim 15 which said memory section consists of DRAMs, and each of two 
or more of said subdisplay ..pixels. has. the burning period which, plurality^ divided! jntb 1. horizohtal-scanning.period, 
and is characterized by each point LGT periods differing in time amount die length, respectively. 
[Claim 17] The display according to claim 15 characterized by having the refresh circuit which is synchronized 
with displaying said each of two or more subdisplay pixels, and performs refresh actuation of said memory section. 
[Claim 18] For every color of each pixel, the same number every with the number of bits of pixel data Two or 
more 1-bit memory prepared. Two or more EL (electroluminescence) components turned on or switched off 
according to the value of each of two or more of said 1-bit memory, The holding circuit which is prepared one [ at 
a time ] for every color of each pixel, and holds the corresponding data of said 1-bit memory in order. It has the 
transistor for actuation turned on and off according to the logic of the data held in said holding circuit Said 
-7--".transistor for actuatron-T^e^dispIay-ccharacterized' by-supply 

period in which burning at an one-frame period of the number of bits and the same number of pixel data is 
possible, and switch on the light by each of these periods at the time of ON to said EL element. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the technique of attaining reduction of power 

consumption, and simplification of circuitry, about a display. 

[0002] 

[Description of the Prior Art] Conventionally, by the pocket device which makes a cellular phone the start 
although the display of monochrome was carried in many cases, since the opportunity of accessing the Internet 
by the pocket device has increased, what carries the display of a color has increased. 
[0003] 

[Problem(s) to be Solved by the Invention] The indicating equipment of a color has the problem that charge 
spacing of the dc-battery of a pocket device becomes short since there is much power consumption compared 
with monochrome. Moreover, since a circuit also becomes complicated, a miniaturization becomes difficult and 
also becomes a cost rise. In order to attain a miniaturization especially, it is desirable to form an actuation circuit 
on a pixel array substrate at one. but since the capacity of the memory which the configuration of an actuation 
circuit not only becomes complicated, but stores pixel data also increases in the case of a color, it is technically 
difficult to form an actuation circuit on a pixel array substrate at one. 

[0004] Furthermore, since all the display area was conventionally rewritten at fixed spacing, the frequency of a 
pixel clock needed to be made quick as display resolution became high. 

[0005] As what solves such a trouble, the technique in which only the horizontal picture element line where the 
content of a display changed carries out a selection scan, and rewrites the content of a display is indicated by 
JP,2000-227608,A. 

[0006] However, in the control for such every horizontal picture element line, lowrpower-ization is. not usually, 
necessarily attained compared with the time of actuation. 

[0007] This invention is made in view of such a point, and the object is in offering the display which can reduce 

power consumption and can be miniaturized. 

[0008] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, the display concerning 
this invention Two or more display pixels arranged in the shape of a matrix, and two or more scanning lines 
arranged along with the line writing direction of this display pixel, The data line arranged along the direction of a 
train of this display pixel, and the data-line actuation circuit which supplies pixel data to said data line. In the 
display which-equippftd- said scanning line with the control section which contrds the scanning^line actuation^ ^ 
circuit which supplies a scan signal, and said data-line actuation circuit and said scanning-line actuation circuit 
said display pixel The sampling section which samples said pixel data which answer and correspond to said scan 
signal. The memory section holding the associated data sampled by this sampling section. It has two or more 
becoming subdisplay pixels, the display which perfomris a predetermined display based on said associated data 
since — said two or more subdisplay pixels the [ which is prepared corresponding to the data line of 1. and the 
scanning line of 1 ] — the [ which is prepared corresponding to a 1 secondary display pixel, and said data line of 1 
and other scanning lines ] — a 2 secondary display pixel is included. 
[0009] 
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[Embodiment of the Invention] Hereafter, it explains concretely in starting this invention, referring to a drawing. 
[0010] Hereafter, the display concerning this invention is explained concretely, referring to a drawing. 
[001 1] (1st operation gestalt) Drawing 1 is the block diagram showing the outline configuration of the 1st 
operation gestalt of the indicating equipment concerning this invention, and shows the configuration of a liquid 
crystal display. 

[0012] The liquid crystal display of drawing 1 is equipped with the pixel array section 1, address decoders 2 and 3, 
display memory (VRAM) 4, and the VRAM controller 5, and performs transmission and reception of CPU6 and the 
circumference circuit 7, and a signal through a system bus LI. . 

[0013] The pixel array section 1 has pixel structure in which the area gradation display which constituted each 
pixel from two or more 1-bit memory is possible. Drawing 2 is drawing showing the structure for 1 pixel. Like a 
graphic display, it consists of four sub-picture element fields for every color specification pixel of RGB, 
respectively, and 1 pixel of memory for 1 bit is prepared in each field, respectively. Drawing 2 shows the example 
by which 1 display pixel is constituted from four sub-picture element fields based on a 4-bit status signal for 
every color, and when at least dO and Mogami set a bit to d3 for the least significant bit, the pixel value of each 
pixel is expressed with 20, dO+21 , d1+22 and d2+23, and d3. Thereby, the display of 24= 1 6 gradation is attained 
for every color. 

[0014] The 1-bit each memory in a sub-picture element field is connected to the pixel electrode which consists 
of aluminum, Ag, etc. and which has refiexibility, for example. On both sides of the liquid crystal layer, the 
counterelectrode is arranged on the top face of these reflective pixel electrode. 

. [0015] Moreover, by drawing 2 , the 4-bit surface ratio from the least significant bit dO to the most significant bit 
d3 shows each the example of d0:d1:d2:d3=1 :2:4:8. Generally, it is desirable to make it the permeability of the area 
X white of each bit become the exponentiation of 2. In addition, what is necessary is Just to divide it into 6 sub- 

. picture-element field corresponding to the number of bits of a status signal, so that it may change with the 
desired rate of surface ratio if the sub-picture element field which constitutes 1 pixel is a 6-bit status signal. 
[0016] Not necessarily the array of four sub-picture element fields which constitute each pixel does not need to 
be located In a line in order within each display pixel, and may be located In a line with order like drawing 2 A.(dO, 
d3, d1, d2), or may be located in a line with order like drawing 2 B (dO. d1, d2, d3). Moreover, you may stand in a 
line in the shape of two-dimensional like drawing 2 R>2C, and, as for this, it is desirable to make it a numerical 
aperture serve as max in consideration of the structure of a light filter in the ease of carrying out of connection 
with memory. > . . . .. 

[001.7] Although the number of subdisplay pixels: which constitutes each .color specificatlbn.pixer6f .RGB from'.. 
drawing 2 was equal and the case where each number of color specification gradation considered as 1 6 gradation 
was shown, the numbers of display gradation which can be expressed for every color may be made to differ. For 
example, drawing 3 shows the example by which R and B are constituted from a triplet, i.e., three sub-picture 
element fields, and G is constituted from 4 bits, i.e., four sub-picture element fields. 

[0018] Although the area of each sub-picture element field explained the equal example in each color of RGB at 
drawing 2 , the area of each sub-picture element field may differ in each color of RGB. What Is necessary is just 
to determine that the number of bits of RGB becomes the actual most natural hue. Moreover, the surface ratio of 
each sub-picture element field may differ in each color of RGB. 
u:[001 9] 'The A/'RAM controller &'of^dra^^ sent . from; ePU6"in VRAM4;-imagexlata::arer,'- ^-i - 

outputted to address decoders 2 and 3 per pixel block from VRAM4 with the address data in which ejection and a 
pixel block coordinate are shown, and address decoders 2 and 3 store image data in the 1-bit memory of the pixel 
block with which the pixel array section 1 corresponds. 

[0020] the number of dots which 1 font drawing takes the size of a pixel block — abbreviation — it is equal. The 
VRAM controller 5 outputs the clock for dividing for accessing 1-bit memory. Moreover, an output of medium 
potential is possible for the VRAM controller 5 during a data idle period (blanking period). 

[0021] The pixel array section 1 is equipped with the clock generation circuit so that refresh actuation of 1-bit 
memory and the polarity reversals of liquid crystal applied voltage can be performed during a data idle period. 



[0022] The VRAM controller 5 consists of silicon chips, and COG (chip on glass) mounting is carried out at glass 
substrate Kami in whom the pixel array section 1 Is formed, for example. Or the VRAM controller 5 and CPU6 may 
be summarized to the silicon chip of a piece, and GOG mounting may be carried out at glass substrate Kami. 
Furthermore, VRAM4 may be built in this chip. 

[0023] This operation gestalt has the description in the point of rewriting 1-bit memory of each pixel per a 
partition opium poppy and block at the pixel block of the shape of a 2-dimensional matrix which consists the pixel 
array section 1 whole of two or more pixels. By rewriting per block, the number of bits of a circumference 
decoder circuit can be reduced, and the component-side product of a circuit becomes small. Moreover, as an 
actual problem, only 1 pixel is hardly rewritten, and in order to rewrite by usually collecting by dozens of pixels, 
even if it rewrites per block, it does not necessarily need to become redundancy actuation which wastes power 
consumption. 

[0024] Furthermore, with this operation gestalt. the unit read from VRAM4 is made larger than the unit written in 
VRAM4. While only the range to be rewritten rewrites VRAM4 by this, high-speed read-out from VRAM4 becomes 
possible. 

[0025] As an example of the liquid crystal display of drawing 1 . when the number of pixels displays the alphabetic 
character of 16 dots by 256 (x3)x256 dots, a pixel block is made into the shape of a 2-dimensionaI matrix of 
16x16 dots, and address decoders 2 and 3 consider as a 4-bit decoder, make it 6 bits at the time of a still picture, 
they perform liquid crystal pixel polarity reversals using a polish recon oscillator circuit at the time of standby, 
and carry out the full pause of the external controller. Moreover, VRAM4, the VRAM controller 5, and CPU6 are 
summarized for the chip of a piece, and VRAM4 uses a part of primary-storage memory of GPU6. COG mounting 
of this chip is carried out at glass substrate Kami in whom the pixel array section 1 is formed. 
[0026] Drawing 4 is the block diagram showing the circuitry of the circumference of it with the pixel array section 

I. Like a graphic display, the pixel array section 1 is classified into the shape of a 2-dimensional matrix by two or 
more memory cells (pixel block) 1 1. and each memory cell 1 1 consists of two or more pixels. Each pixel which 
constitutes a memory cell 1 1 consists of a sub-picture element of three each which is arranged at the 2 
juxtaposition to which weighting of the area was carried out, and a total of six sub-picture elements, and the 1-bit 
memory of SRAM structure is prepared in each sub-picture element. 

[0027] In equal circuit, like a graphic display, 1-bit memory is SRAM which consists of transistors Q1 and Q2 and 
inverters IV1 and IV2. and holds the data supplied from the data bus 12. It has the structure of impressing the 
high-level electrical potential difference or low-level electrical potential difference held at 1-bit memory to a pixel 
electrode;:and impressing the potential difference between a pixerelectrode and a common. electricaL potential 
difference to a liquid crystal layer. 

[0028] The bit line actuation circuit 13 and the word line actuation circuit 14 are connected to the memory cell 

I I. A bit line actuation circuit has the train block selector 15 which chooses to which bit line the pixel data on a 
data bus 12 are supplied. Moreover, the word line actuation circuit 14 has the line block selector 16 and a shift 
register 17. The line block selector 1 6 chooses one of blocks, and a shift register 17 carries out sequential 
actuation of the word line within the selected block. 

[0029] With this operation gestalt, the transistor for a pixel display and the transistor for actuation circuits are 
formed in glass substrate Kami, for example as an insulating substrate using a low-temperature polish recon 
technique. However.- since working speed-is-islow compared with^t^ silicon formed on a^ - 

silicon wafer, the transistor formed by low-temperature polish recon needs to enlarge a voltage swing. For this 
reason, the level conversion of address data and image data which were supplied from the outside of a glass 
substrate is carried out by glass substrate Kami. 

[0030] Drawing 5 is the block diagram having shown the circuitry of the memory cell 1 1 circumference in more 
detail. It has the ** clock generation circuit 30. the clock change circuit 31, and the polar control circuit 32 like a 
graphic display at the level shifter and the serial-parallel conversion circuit (SP conversion circuit) 21 which 
perform the level conversion of pixel data, a buffer 22, a data buffer 23. the address buffer 24 by the side of a line 
and the line block decoder 25. the address buffer 26 by the side of a train and the train block decoder 27 and a 



multiplexer 28, the control circuit 29 that generates a synchronizing signal etc., and the time of standby. 
[0031] Dividing of the data by which the level shift was carried out by the level shifter 21 of drawing 5 is carried 
out by the serial-parallel conversion circuit (SP conversion circuit) 21. The timing margin in the digital circuit by 
the side of the latter part is made easy for the SP conversion circuit 21 to prolong a data period n times (for n to 
be the two or more natural numbers), and to secure. 

[0032] Image data and the block-address data which specify the block which performs writing are inputted into a 
glass, substrate. Since a data bus 12 is so desirable that there are as much as possible few numbers, he is trying 
to transmit image data and a block address by same bus with this operation gestalt. For every block, address data 
are transmitted first and, specifically, then, image data are transmitted. Address data are held at a line / train 
address buffers 24 and 26, and decide a data path. Moreover, image data are stored in a data buffer 23, and are 
sent to the signal line In the pixel array section 1 via a multiplexer 28 in predetermined sequence. 
[0033] When performing a liquid crystal display using 1-bit memory like drawing 2 , a display must be continued 
also at the time of standby. However, if rear-spring-supporter impression of the direct current voltage is carried 
out at liquid crystal at a long period of time, in order for liquid crystal to cause baking etc.. It is necessary to 
perform polarity-reversals actuation for every predetermined period also in the time of standby. For this reason, 
with this operation gestalt, as shown in drawing 5 , the clock generation circuit 30 is formed at the time of 
standby, at the time of standby, polarity reversals are performed at a rate looser than usual, for example, it is 
usually made to perform polarity reversals 4 vertical-scanning periods 1 vertical-scanning period at the time of 
standby at the time of actuation. By forming the clock generation circuit 30 at the time of such standby, at the 
time of standby, a system clock can be stopped. thoroughly, and reduction of power consumption can be aimed at. 
[0034] (Example 1 of memory and a polarity-reversals circuit) Drawing 6 is the circuit diagram showing the 
configuration of the liquid crystal display with which the screen product succeeded in weighting, and which 
prepared SRAM and a polarity-reversals circuit for every sub-picture element, and the part enclosed with the 
alternate long and short dash line of drawing 6 shows each sub-picture element. A word line, polar control-line P+ 
and P-, and the data line are connected to each sub-picture element, and it is single word lineation. Each sub- 
picture element has the transistor Q3 turned on and off with the potential of a word line, the transistor. Q4 turned 
on and off with the potential of polar control-line P+, the transistor Q5 turned on and off with the potential of 
polar control-line P-, and the inverters IV3 and IV4 by which cascade connection was carried out. SRAM consists 
of a transistor Q3 and inverters IV3 and IV4, and a polarity-reversals circuit is constituted by transistors Q4 and 
■Q5. . 

..[0035] The'^ circuit of drawing 6 is comparatively, easy and .prbbrems, like, that theVrandom. access circu^ of a line, 
unit or a multi-line unit and: the word line load which incorrect writing tends to produce although made to a low 
power more nearly substantially than the case where renewal of a full screen is always performed by combining 
with a 2-dimensional matrix-like random access circuit again become large, and power consumption becomes 
large, and a word line load becomes large may arise. Duplex WORD lineation as shown below as the technique of 
avoiding such a problem is combinable. 

[0036] (Example 2 of memory and a polarity-reversals circuit) Drawing 7 is the circuit diagram of duplex WORD 
lineation. The circuit of drawing 7 has the transistor 06 turned on and off with the potential of a train word line. 
ON of a transistor Q6 supplies the potential of the main word line to a subword line. The subword line is 
xonnected to^each 'sub-picture elementjlocated in a line withrthe^line-writing direction. For-example,^when a - 
subword line is high-level, while a transistor 03 turns on, the transistor 07 in the feedback path of SRAM turns 
off. At this time, either of the transistors 04 and 05 turns on with the potential of polar control-line P+ and P-. 
[0037] the time of on the other hand a subword line being a low level — a transistor 07 — turning on — the 
inverter output by the side of the latter part in SRAM — the first rank — it returns to the input of a near inverter 
and data are held. 

[0038] Thus, in duplex WORD lineation, only in the block for updating, a subword line becomes active, and since it 

becomes inactive [ the other subword line ], incorrect writing stops being able to occur easily. 

[0039] Drawing 8 is drawing explaining duplex WORD lineation. and the field enclosed with -the alternate long and 



short dash line of drawing 8 is the block which shows the rewriting unit of data. Like a graphic display, only any 
one subword line becomes active with the potential of the main word line and a train word line. Moreover, 
sequential actuation of the 1-bit each memory within the selected block is carried out In addition, there is 
especially no limit and it may cross the range used as the unit of a block to how many lines. 
[0040] (Example 3 of memory and a polarity-reversals circuit) Drawing 9 A is the circuit diagram showing the 
example which shares the data line, and polar controHine P+ and P- between a contiguity pixel. The circuit of 
drawing 9 constitutes 1 pixel from four sub-picture elements by which weighting was carried out, four sub-picture 
elements [ two ] are arranged at a time vertically and horizontally, it is the example which realizes 1 6 gradation 
displays for every pixel by this, and they are sharing [ two sub-picture elements which adjoin a longitudinal 
direction are arranged through the data line, and ] this data line. A sub-picture element has the transistors Q3 
and SRAM connected to the data line, and a polarity-reversals circuit. SRAM has transistors Q4 and Q5 and 
inverters IV3 and IV4, and a polarity-reversals circuit has transistors Q4 and Q5. 

[0041] The circuit of drawing 9 needs to connect a respectively separate word line to these two sub-picture 
elements 100 in order to share the data line between the sub-picture element 100 which adjoins a longitudinal 
direction. That is, a word line is too many needed from the circuit of drawing 7 . four sub-picture elements 100 by 
which polar control-line P+ and P- have been arranged in the vertical direction on the other hand — it connects 
common to all. 

[0042] By the way, although drawing 9 A explained the example which arranges the data line between two sub- 
picture elements 100 which adjoin a longitudinal direction, as shown in drawing 9 B, the data line may be arranged 
at the left end of two adjoining sub-picture elements 1 00 (or right end). 

[0043] (A display controller's configuration) VRAM4 and the VRAM controller 5 of drawing 1 are packed into a one 
chip in many cases. 

[0044] Drawing 10 is the block diagram of the display controller who packed VRAM4 and the VRAM controller 5 
into the one chip. The display controller of a graphic display has CPU6, the host interface (host I/F) section 41 
which performs transmission and reception of data, the memory controller 42, a display RFO 43 and a look-up 
table 44, VRAM4, the write-in supervisory circuit 45, the read-out block-address generating circuit 46, the 
address translation circuit 47, and the interface (I/F) section 48 that delivers the data to the address decoders 2 
and 3 of drawing 1 R> 1 . 

[0045] The write-in supervisory circuit 45 supervises whether it is the no to which CPU6 rewrote the content of 
VRAM4. If the content of VRAM4 is rewritten, the read-out block-address generating circuit 46 will generate the 
/ address for the pixel block containing theTpixel rewritten in predetermined time. ; . . ' 1 :.: ;„.:: 
[0046] The address translation circuit 47 changes the address of the VRAM space specified by CPU6 into the 
block address for a display. A look-up table 44 changes the color gradation data specified by CPU6 into the data 
for 1-bit memory. 

[0047] (Small-size width-of-face writing to single data-line memory) In case data are written in 1-bit memory in 
the case of the circuit of drawing 7 mentioned above, the transistor Q7 was turned OFF and the memory loop 
formation is omitted. By such control, the amplitude of the data sent into the data line can be minimum-ized. The 
amplitude of the data in this case is good at threshold dispersion +alpha extent of inverters IV3 and IV4. For 
example, if the threshold of inverters IV3 and IV4 sets to 2.5V**0.3V, taking component dispersion into 
-consideration, when the-data line is :less^than^[-2:2V'0T it will be recognized-as a low^^levelrand. in^the case-of ^^v^- 
beyond 2.8V, will be recognized as high-level. 

[0048] Then, as shown in drawing 1 1 , after carrying out the level shift of the output of the digital buffer 50 of OV- 
5V amplitude to the signal of 2V-3V amplitude with the analog buffer 51, the 1-bit memory 55 is supplied. 
Thereby, reduction of power consumption can be aimed at. 

[0049] Moreover, it is desirable to connect capacity CI to somewhere in the 1-bit memory 55. Even if actuation 
of an inverter loop formation is not stable while delay of inverters IV3 and IV4 is large and the word line is being 
activated since it writes in capacity dynamically and level is held even after turning off a word line by adding such 
a capacity CI. a stable state can be reached behind for a while. In addition, capacity CI may not be an external 
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thing and is effective also by the capacity which is parasitic on the circuit, liquid crystal capacity, or the auxiliary 
capacity Cs. 

[0050] Furthermore, the power consumed with bus wiring for data distribution can be reduced by making the 
digital data of 0V-5V amplitude into the small-size width efface of 2V-3V or 1 V-4V with the analog buffer 51. 
The loss of power consumption becomes small rather than the easy approach of connecting a 1 V~4V power- 
source line to the data line according to the low/high of a signal is also possible instead of an analog buffer and it 
constitutes an analog buffer from large poly^Si TFT of property dispersion. . 

[0051] On the other hand, it is necessary to drive logical circuits, such as a multiplexer of drawing 5 , with the 
comparatively big amplitude. For this reason, as shown in drawing 12 , it is necessary to form the level shifter 52 
changed into the large amplitude in the latter-part side of the analog buffer 51 changed into small-size width of 
face. 

[0052] The circuit diagram in which drawing 13 shows an example of a level shifter 52, and drawing 1 4 are 
drawings showing the I/O wave of the circuit of drawing 13 . In drawing 14 , till 300ns, a switch SW1 turns on and 
a switch SW2 turns off. For this reason, the left lateral electrode of the capacitor 02 of drawing 13 is set to 1 .65V. 
Moreover, since the input/output terminal of an inverter 53 is in switch-on through a switch SW3 at this time, the 
input/output terminal of abbreviation of an Inverter 53 is in a threshold electrical potential difference by carrying 
out, and becomes an electrical potential difference. 

[0053] A switch SW1 turns off after 300ns, and a switch SW2 turns it on. This changes into the electrical 
potential difference according to threshold dispersion. 

[0054] Drawing 15 is the detailed circuit diagram of the analog buffer 51 circumference. Switches SW4 and SW5 
are connected to the input terminal of the analog buffer 51, and the inverter 54 is connected to it through the 
capacitor 03 at the output terminal of the analog buffer 51 . 

[0055] The analog buffer 51 consists of two transistors Q8 and 09 like drawing 1 6 A simply. Or you may make it a 
differential amplifying circuit configuration like drawing 1 6 B. . 

[0056] Although the operation gestalt mentioned above explained the example which makes SRAM structure 1-bit 
memory in the pixel array section 1, you may make it DRAM structure and resistance-load mold structure. 
Drawing 1 7 is drawing showing the structure of 1-bit memory, and, as for the example of SRAM structure, and 
drawing 1 7 B, drawing 1 7 A shows the example of DRAM structure, as for the example of resistance-load mold 
structure, and drawing 1 7 0. 

[0057] What transposed the PMOS transistor of the inverter which constitutes SRAM to resistance becomes the 
resistanceHbad mold structure of drawing 17 B. Moreover, in the case.of .the'DRAM . structure shown in drawing 
17 O, the circuit which performs the refresh and polarity reversals other than the DRAM part shown by the 
dotted line is prepared every two or more bits. 

[0058] Drawing 18 is the timing chart of the DRAM structure of drawing 1 7 C. Hereafter, actuation of drawing 1 7 
0 is explained based on drawing. Supply voltage VDD and the touch-down electrical potential difference VSS are 
shaken synchronizing with a OOM electrical potential difference, keeping the difference at 5V. 
[0059] First, the procedure of data writing is explained. At the time of data writing, it is activating the word line Wi 
of drawing 1 7 O, and data are impressed to the inverter of the auxiliary capacity Os and the first rank. At this 
time, since it is high-level, a transistor is an OFF state and, as for the loop formation of an inverter. Signal A is 

[0060] Next, if a word line Wi is made into non-activity and Signal A is made into a low level, the loop formation of 
an inverter is activated, reversal magnification will be carried out and the voltage level currently held dynamically 
at the gate capacitance of the inverter of the first rank will turn into a desired voltage level. 
[0061] Next, it is made to flow through Signal SBi. Thereby, Os level is charged by power^source level. Then, a 
word line Wi is activated and the above— mentioned procedure is repeated. 

[0062] On the other hand, reversal refresh of a data-hold term throughout is performed by the following 
procedures. In drawing 17 C, activation of Signal SAi holds the voltage level of the auxiliary capacity Cs 
dynamically at the gate of the inverter of the first rank. If Signal A is set to a low level, the loop formation of an 
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inverter will be activated and holding level will turn into power-source level by magnification actuation of this loop 
formation. Next, activation of Signal SBi writes reversal level in the auxiliary capacity Cs. Next. Signal SA (1+1) is 
activated and the above-mentioned procedure is repeated. 

[0063] In addition, refresh of data is performed at the period (blanking period) which does not write in data. 
[0064] Drawing 1 9 is with the case where the whole memory is rewritten, the case where it rewrites per line, and 
the case where it rewrites by the matrix unit, and is drawing which measured power consumption. Like a graphic 
display, as for the case where it rewrites per line next by the case where the whole memory is rewritten, there is 
most power consumption, and it is the case where a thing with least power consumption rewrites by the matrix 
unit like this operation gestalt. 

[0065] Drawing 20 is the block diagram showing the outline configuration of the liquid crystal display at the time 
of constituting the pixel array section 1 using the 1-bit memory of DRAM structure. Although the circuitry of 
drawing 20 is the same as that of drawing 5 fundamentally, it differs from drawing in that DRAM with a reversal 
refresh circuit is prepared in the pixel array section 1. By making it DRAM structure, rather than SRAM structure, 
circuitry can be simplified and power consumption can also be reduced. 

[0066] Although the display based on the logical level memorized by 1-bit memory was explained in detail above. 
D/A conversion of the digital video signal is carried out to analog voltage level, analog voltage level is impressed 
to the data line, and the usual display means written in liquid crystal capacity and Cs capacity can also be used 
together. It considers as the 4 bit memory of each sub-picture element, and is made to the 6-8bit display by D/A 
conversion with a standby display mode in the 4-bit low-power display of the memory base, and animation display 
mode. Moreover, the display layer in this invention may be not only a liquid crystal layer but an EL layer etc. 
[0067] Next, the suitable example of the liquid crystal display of the 1st operation gestalt is explained with 
reference to a drawing. 

[0068] This liquid crystal display is the 4 inches size of diagonal used for PDA. and the light reflex mold equipped 
with the viewing area with the total 320 (x3)x480 pixels. 

[0069] drawing 21 — the outline block diagram of this liquid crystal display, and drawing 22 — the outline block 
diagram of a display pixel, and drawing 23 — some liquid crystal displays — it is an outline sectional view. 
[0070] This liquid crystal display forms in one interface section 5a which built in a part of function of Y address 
decoder 2a of the display array section 1 and a couple, 2b, the X address decoder 3, and the VRAM controller 5 in 
drawing 1 for example, by the polycrystal silicon transistor (p-Si TFT) as an insulating substrate for example, on 
the array substrate 200 which consists of glass. 

[0071] Although the number of output pins of graphic controller IC5b mentioned later can be reduced andHzirig of 
the graphic controller IC5b can be carried out [ cheap ] of course by this by forming the above-mentioned 
interface section 5a in one on the array substrate 200, although mentioned further later, graphic controller IC5b 
actuation can be stopped, and. thereby, much more low^ower-ization is attained. 

[0072] In addition, on the array substrate 200. the power source IC 8 which built in graphic controller IC5b which 
summarized the part and display memory (VRAM) 4 of a function of the VRAM controller 5 in drawing 1 in one 
package, and power circuits, such as a DC to DC converter, is mounted by COG (chip on glass). 
[0073] Direct continuation of the graphic controller IC5b is carried out to the system bus LI. It connects with the 
external power which is not illustrated and a power source IC 8 receives supply of the driver voltage VDD of 3V, 
and thejgrand electrical* potential difference VSS: - -^^ r - - : . . 

[0074] The display array section 1 is classified into 8 blocks (Al-4. B1-4) which consists of 160 (x3)x120 pixels 
which consisted of the total 320 (x3)x480 pixels as mentioned above, was carried out 2 ^'i'^^s by right and left of 
a viewing area, and was quadrisected by the upper and lower sides. The left block in the display array section 1 
(Al-4) is controlled by Y address decoder 2a, and a right block (B1-4) is controlled by Y address decoder 2b. 
[0075] As shown in drawing 22 . as for each display pixel which constitutes the display an^ay section 1 . the rate of 
surface ratio is equipped with the subdisplay pixel electrodes 81a and 81b of 2:1. respectively. The liquid crystal 
capacity CLca is formed between 1st subdisplay pixel electrode 81a and Counterelectrode Vcom, and the liquid 
crystal capacity CLcb is formed between 2nd subdisplay pixel electrode 81b and Counterelectrode Vcom. 
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[0076] DRAM71a-1, 71a-2. and 71a-3 which memorize pixel data DAT A for a triplet corresponding to 1st sub- 
picture element electrode 81a, each DRAM71 — TFT72 for a transfer prepared corresponding to a-1. 71a-2. and 
71a-3 — with a-1, 72a-2, and 72a-3 each DRAM71 — polarity-reversals circuit 77a arranged between refresh 
circuit 73a prepared in common to a-1, 71a-2, and 71a-3, and 1st sub-picture element electrode 81a and refresh 
circuit 73a is prepared. 

[0077] Moreover, it corresponds to 2nd sub-picture element electrode 81b with one half of the area of 1st sub- 
picture element electrode 81a. DRAM71b-1, 71b-2, and 71b-3 which memorize the pixel data for a triplet, each 
DRAM71 — TFT72 for a transfer prepared corresponding to b-1, 71b-2, and 71b-3 — with b-1, 72b-2, and 72b-3 
each DRAM71 — refresh circuit 73b prepared in common to b-1, 71b-2, and 71b-3 and polarity-reversals circuit 
77b are prepared, 

[0078] the [ moreover, ] — the [ 1 secondary display pixel electrode 81a and ] — between 2 secondary display 
pixel electrode 81b, the discharge circuit 78 which makes the charge held at the liquid, crystal capacity CLca and 
CLcb discharge is fomned. 

[0079] Each of DRAM71a-1, 71a-2, 71a-3, 71b-1, 71b-2, and 71b-3 has the sampling transistors STr1-STr5 and 
capacity Cs0-Cs5. 

[0080] The refresh circuits 73a and 73b have the feedback 76a and TFT 76b which was connected to the 
electrical-potential-difference line of OV (Vss) and 5V (Vdd), and was connected between the input terminal of 
two inverters IV1 and IV2 by which the series connection was carried out, and the inverter IV1 of the first rank, 
and the output terminal of the latter inverter IV2. And the output terminal of the inverter IV1 of the preceding 
paragraph and the output terminal of the latter inverter IV2 are connected to the polarity-reversals circuit 77. 
[0081] Next, actuation of the liquid crystal display of drawing 21 is explained. 

. [0082] The liquid crystal display of drawing 21 realizes 64 gradation displays based on 6-bit image data by 
actuation which combined area gradation (each display drawing consists of 2 secondary display pixel electrodes 

: 81 a and 81b) and pulse width modulation (three subframe periods from which burning time amount differs at an 
one-frame period are established, and the ratio of the burning time amount of each subframe (1 st - the 3rd 
display) period is set to 1 :2:4). 

[0083] Since each display pixel is equipped with DRAM as memory, in case a still picture etc. is displayed, 
actuation of a circumference actuation circuit can be stopped, and low-power-ization is attained. Moreover, by 
the 8-block independent control of a viewing area, since partial rewriting of the display screen is attained, 
actuation of a circumference actuation circuit can be stopped selectively and much more low-poweiHzation is 

..attained.. . ~.' "."'.J'-^: " '. - - 

[0084] In detail, the graphic controller IC outputs the pause signal SHUT to a power source IC 8 at a period 
without renewal of the frame memory in the graphic controller IC, and based on this, a power source IC 8- 
suspends the current supply of a part of blocks, and attains low-power-ization. 

[0085] First, the case where there is no input of the image data data in the graphic controller IC is explained. 
[0086] Although the graphic controller IC was always outputting the pixel data for one frame with the 
conventional liquid crystal display even if it was the case where there was no input of the image data data in the 
graphic controller IC, since each pixel builds in memory, the output of all the image data data of the graphic 
controller IC can be stopped in the liquid crystal display of this example. Moreover, low-power^ization is attained 
"by- alsa being able to stop actuatiomof^X'^ddress^ decoder in-connection^-with-thisrand-stopp'^^ 
power source in part further. 

[0087] Drawing 24 is drawing showing the display timing within the oneHrame period of this display pixel. With 
reference to drawing 24 , it explains taking the case of the display of the 1 display pixel in A 2 blocks. 
[0088] First, between time of day t1-t2, while the bit [ 0th ] data (for example, "0") are held through the data line 
Xnb at the capacity Cs 0 of DRAM71b-1 , the data (for example, "1 ") of a triplet eye are held through the data 
line Xna at the capacity Cs 3 of DRAM71a-1. 

[0089] then, at time of day t2-t3 (the 1st display period), the polar signal PolA inputted into the polarity-reversals 
circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 secondary display pixel 



electrode 81a — the electrical potential difference of 5V (Vdd) — the — the electrical potential difference of OV 
(Vss) is impressed to 2 secondary display pixel electrode 81b, respectively, in addition, the electrical potential 
difference of a counterelectrode is set as OV at this time — having — **** — thereby — the inside of the 1 st 
display period (time of day t2-t3) — the — the field corresponding to 1 secondary display pixel electrode 81a — 
jjgl^t — penetrating — the — light intercepts the field corresponding to 2 secondary display pixel electrode 81b. 
[0090] then — during time of day t3-t4 — a control signal A — high-level — setting up — the [ the 1st and ] — 
the potential of the 2. secondary display pixel electrodes 81a and 81b is made to short-circuit to the 
counterelectrode potential Vcom Thereby, the charge currently held at the liquid crystal capacity CLca and CLcb 
once discharges. Moreover, while the bit [ 1st ] data (for example. "1") are held through the data line Xnb at the 
capacity Cs 1 of DRAM71b-2, the bit [ 4th ] data ("0") are held through the data line Xna at the capacity Cs 4 of 
DRAM71a-2. 

[0091] then, at time of day t4-t5 (the 2nd display period), the polar signal PolA inputted into the polarity- 
reversals circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 secondary display 
pixel electrode 81a — the electrical potential difference of OV (Vss) — the — the electrical potential difference 
of 5V (Vdd) is impressed to 2 secondary display pixel electrode 81b. respectively, in addition, the electrical 
potential difference of a counterelectrode is set as OV like the 1st display period at this time — having — **** - 
- thereby — the inside of the 1 st display period (time of day t2-t3) — the — the field corresponding to 1 
secondary display pixel electrode 81a — light — intercepting — the — light penetrates the field corresponding to 
2 secondary display pixel electrode 81b. 

[0092] then — during time of day t5-t6 — a control signal A — high-level — setting up — the [ the 1st and ] — 
the potential of the 2 secondary display pixel electrodes 81a and 81b is made to short-circuit to the 
counterelectrode potential Vcom Thereby, the charge currently held at the liquid crystal capacity CLca and CLcb 
once discharges. Moreover, while the bit [ 1st ] data (for example. "1") are held through the.data line Xnb at the 
capacity Cs 2 of DRAM71b-3. the bit [ 4th ] data ("0") are held through the data line Xna at the capacity Cs 5 of 
DRAM71a-3. 

[0093] then, at time of day t6-t7 (the 3rd display period), the polar signal PolA inputted into the polarity-reversals 
circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 secondary display pixel 
electrode 81a — the electrical potential difference of 5V (Vdd) — the — the electrical potential difference of OV 
(Vss) is impressed to 2 secondary display pixel electrode 81b, respectively, in addition, the electrical potential 
difference of a counterelectrode is set as OV at this time — having — **** — thereby — the. inside of the 1st 
display period (time of day t2-t3) the — the field corresponding .to 1 secoridary display pixel electrode 81a — 
light — penetrating — the — light intercepts the field corresponding to 2 secondary display pixel electrode 81b. 
[0094] Thus, in this example, 64 gradation displays based on 6-bit image data are realized by the actuation which 
combined two subdisplay pixel electrodes 81a and 81b for realizing area gradation, and the 1st - the 3rd display 
period (the ratio of the burning time amount of the 1 st - the 3rd display period is 1 :2:4) within the oneHrame 
period for realizing Pulse Density Modulation. 

[0095] In addition, in a frame [ degree ] period, a low level and PolB are set up high-level, and maintaining the 
same display condition, since the electrical potential difference of a counterelectrode is set as 5V, it can reverse 
the electrical-potential-difference polarity impressed to liquid crystal, and can be burned, and the polar signal 
PolA inputted into the polarity-reversals'circuit 77 can aim at prevention. ^^^- v 

[0096] As mentioned above, in the liquid crystal display of drawing 21 , when there is no input of the image data 
data in the graphic controller IC, actuation of X address decoder can be stopped thoroughly, and a display can be 
maintained by pixel data DAT A held at DRAM built in. 

[0097] Next after the above-mentioned display condition continues, the case where the image data data are 
inputted into the graphic controller IC is explained (when modification has a part of displays which are A1 block in 

a viewing area). 

[0098] The image data data and the address data adrs of this image data data are inputted into the graphic 
controller IC with a system clock SYSCLK through a system bus LI from CPU6 (refer to drawing 1). The graphic 
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controller IC carries out renewal of sequential of the frame memory In the graphic controller IC based on these 
address data adrs. 

[0099] The graphic controller IC outputs the Y start YST which controls Y address decoder to interface section 
5a while outputting the X clock XCLK and the X start XST which control the X address decoder 3 based on the 
system clock SYSCLK inputted. Moreover, the graphic controller IC outputs the address data ADRS which point 
out pixel A1 block data DAT A and the A1 block coordinate corresponding to the updated image data data to 
interface section 5a. , 

[0100] Interface section 5a generates the Y clock YCLK based on the X clock XCLK inputted, and outputs this Y 
clock YCLK and the Y start YST to Y address decoder 2a and 2b. and outputs the X clock XCLK and the X start 
XST to the X address decoder 3. Furthemnore, interface section 5a outputs pixel data DAT A and the X address 
data XADRS to the X address decoder 3 while outputting the Y address data YADRS to Y address decoder 2a 
and 2b based on pixel data DAT [ of a block unit ] A and address data ADRS which are inputted. 
[0101] The X address decoder 3 samples the data corresponding to an A2 block 1 horizontal-picture-element line 
by sampling circuit SP in H/2 period based on pixel data DAT A and the X address data XADRS which are 
inputted, and holds pixel data DAT A by the data latch DL. And the sequential output of the pixel data DAT A 
corresponding to the data lines Xna and Xnb corresponding to A2 block is carried out through the data-line driver 
XDR and the data-line selecting switch XSW at each order of a bit. 

[0102] The decoding section DC of Y address decoder 2a and 2b activates only control-section 2L corresponding 
to A2 block based on the Y address data YADRS inputted, and control-section 2L outputs a signal (A, W1 - W3, 
SA1-SA3. PolA, PolB) to a response pixel. 

[0103] Sequential supply of the 6-bit pixel data DAT A is carried out from the X address decoder 3 to the A2. 
block timing shown in drawing 24 at the data lines Xna and Xnb corresponding to A2 block. Moreover, sequential 
supply of the sampling pulse W1 is carried out from Y address decoder 2a, and thereby, first while the 0th bit of 
6-bit DATA is held at the capacity Cs 0 of DRAM71b-1, 3 bits is held at the capacity Cs 3 of DRAM71a-l. Next, 
when a sampling pulse W2 is supplied, the 1st bit of 6-bit DATA is held at the capacity Cs 1 of DRAM71a-2, and 
the 4th bit is held at the capacity Cs 4 of DRAM71b-2. Next, when sampling pulse Vy3 is supplied, the 2nd bit of 
6-bit DATA is held at the capacity Cs 2 of DRAM71b-3, and the 5th bit is held at the capacity Cs 5 of 
DRAM71a-3. 

[0104] It differs from a previous display condition. In the capacity Cs 0 of DRAM71b-1, 71b-2, 71b-3. 71b-1, 71b- 
2, and 71b-3 for example, 0th bit data"1 " capacity Cs 1 — the. bit [ 1st ] data — "0" — capacity Cs. 2 — the bit 
[ 2nd ] data — "1" — capacity Cs 3 — the.bit [ 3rd ] data r^/'O:'.— capacity Cs 4 — the bit [ 4tH ] data 

— capacity Cs 5 — the bit [ 5th ] data — "0" shall be held 

[0105] in addition — according to the configuration of this example — each — the refresh circuits 73a and 73b 
which carry out a current supply source to DRAM71a-1-71b-3 and the subdisplay pixel electrodes 81a and 81b - 

- the time of a sampling action — the object for a transfer — since it is electrically separated by transistor 72a- 
1-72b-3, it is possible to perform a sampling action independently with a display action. It becomes unnecessary 
therefore, to be able to refresh DRAM71a-1-71b-3 to performing a display action and coincidence, and to prepare 
a refresh period in others. 

[0106] the bit [ 0 or 3rd ] load period shown in drawing 24 — the transfer pulse SA 1 — the object for a transfer 

:rArr-r4ransistOr:72a-^^and 72b^1 -flOWi^---: :^^-P^^ -r— ../;r7j-rv/-4V^-.v::- : . . L - - 

[0107] for example, in the 1st display period (time of day t2-t3 of drawing 24 ), the polar signal PolA inputted into 
the polarity-reversals circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 
secondary display pixel electrode 81a — the electrical potential difference of OV (Vss) — the — the electrical 
potential difference of 5V (Vdd) is impressed to 2 secondary display pixel electrode 81b, respectively, in addition, 
the electrical potential difference of a counterelectrode is set as OV at this time — having — **5Me — thereby — 
the inside of the 1st display period — the — the field corresponding to 1 secondary display pixel electrode 81a — 
light — intercepting — the — light penetrates the field corresponding to 2 secondary display pixel electrode 81b. 
[0108] then — the time of day t3-t4 of drawing 24 — a control signal A — high-level — setting up — the [ the 
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1st and ] — the potential of the 2 secondary display pixel electrodes 81a and 81b is made to short-circuit to the 
counterelectrode potential Vcom Thereby, the charge currently held at the liquid crystal capacity CLca and CLcb 
once discharges. Moreover, while the bit [ 1st ] data (for example, "1") are held through the data line Xnb at the 
capacity Cs 1 of DRAM71b-2. the bit [ 4th ] data ("0") are held through the data line Xna at the capacity Cs 4 of 
DRAM71a-2. 

[0109] then, at time of day t4-t5 (the 2nd display period), the polar signal PolA inputted into the polarity- 
reversals circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 secondary display 
pixel electrode 81a — the electrical potential difference of 5V (Vdd) — the — the electrical potential difference 
of OV (Vss) is impressed to 2 secondary display pixel electrode 81b, respectively, in addition, the electrical 
potential difference of a counterelectrode is set as OV like the 1st display period at this time — having — **** - 
- thereby — the inside of the 1st display period (time of day t2-t3) — the — the field corresponding to 1 
secondary display pixel electrode 81a — light — penetrating — the — light intercepts the field corresponding to 
2 secondary display pixel electrode 81b. 

[01 10] then — during time of day t5-t6 — a control signal A — high-level — setting up — the [ the 1st and ] — 
the potential of the 2 secondary display pixel electrodes 81a and 81b is made to short-circuit to the 
counterelectrode potential Vcom Thereby, the charge currently held at the liquid crystal capacity CLca and CLcb 
once discharges. Moreover, while the bit [ 1st ] data (for example, "1") are held through the data line Xnb at the 
capacity Cs 2 of DRAM71b-3. the bit [ 4th ] data ("0") are held through the data line Xna at the capacity Cs 5 of 
DRAM71a-3. 

[01 1 1] then, at time of day t6-t7 (the 3rd display period), the polar signal PolA inputted into the polarity-reversals 
circuit 77 sets it as high level, and PolB sets it as a low level — having — the — 1 secondary display pixel 
electrode 81a — the electrical potential difference of OV (Vss) — the — the electrical potential difference of 5V 
(Vdd) is impressed to 2 secondary display pixel electrode 81b. respectively, in addition, the electrical potential 
difference of a counterelectrode is set as OV at this time — having — **** — thereby — the inside of the 1 st 
display period (time of day t2-t3) — the — the field corresponding to 1 secondary display pixel electrode 81a — 
light — intercepting — the — light penetrates the field corresponding to 2 secondary display pixel electrode 81b. 
[01 12] In addition, as other blocks without a data input were mentioned above, a display is maintained based on 
the pixel data currently held at DRAM. 

[01 13] As mentioned above, according to the liquid crystal display of this example, the 6 bit memory of built-in, 
Area gradation (each display pixel consists of 2 secondary display pixel electrodes 81a and 81b), By the 
configuration which combined pulse width modulation (three subframe periods from which.buming timeiarhount 
differs at an one-frame period are established, and the ratio of the burning time amount of each subframe (1st - 
the 3rd display) period is set to 1:2:4) Stopping actuation of X address decoder thoroughly at the time of a still 
picture display, the 6 bit memory of built-in can realize 64 gradation displays, and power consumption can be 
reduced substantially. 

[01 14] Moreover, a viewing area is classified into two or more blocks two-dimensional, rewriting of a partial field 
can also be stopped and realized in the minimum circuit actuation by having made the independent control 
respectively possible, and power consumption can be reduced substantially. 
- [01 1 5] Although deterioration of the display grace by printing was prevented in this example by reversing the 
polarity of the electrical potential difference impressed to liquid crystal for-every one^-frame p^iod.^ it may be not 
only one frame but every 1 horizontal-picture-element line, and every two or more horizontal picture element line 
in order to reduce a flicker, although power consumption increases. 

[01 1 6] Moreover, in this example, by using the so-called common reversal actuation which fluctuates the potential 
of a counterelectrode with a frame period, the supply voltage inputted into an inverter could be held down to two. 
and simplification was attained in the configuration of an array substrate. 

[01 17] By the way, although the above-mentioned example realized dividing into two to the longitudinal direction 
by arranging Y address decoder to right and left of the pixel array section 1 , by arranging a train word line 
actuation circuit as shown in drawing 25 , there is no limit in the number of partitions in a longitudinal direction, 
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and it becomes possible to carry out a block partition more finely. That is, although the response block was 
uniquely determined by the previous example by assignment of Y address decoder, a response block will be 
determined in this example by each assignment with Y address decoder and a train word line actuation circuit. 
[0118] About the configuration of the liquid crystal display of drawing 21 , it supplements with reference to 
drawing 2323 . TFT which constitutes each circuit block etc. is formed considering polycrystalline silicon (p-Si) 
101 as a barrier layer on the insulating substrate 100 which consists of glass, and LDD structure is adopted in 
order that N channel TFT may reduce leakage current. On polycrystalline silicon (p-Si) 101, the gate dielectric 
film 102 which consists of silicon oxide film is arranged, and the gate electrode 103 which consists of a MoW alloy 
etc. on this is arranged. And the source and the drain electrode 105,106 which are electrically connected to 
polycrystalline silicon (p-Si) 101 through the interlayer insulation film 104 which consists of silicon oxide film on 
this are arranged. Furthermore, it is arranged by the thickness whose interlayer insulation film 104 which consists 
of acrylic resin etc. on this is about 3 micrometers, and the pixel electrode 107 is arranged with the reflector 
which consists of aluminum on this, and the array substrate 99 is constituted. 

[0119] The light-shielding film 1 1 1 which becomes glass substrate Kami from metals, such as Cr, or black resin is 
arranged, red, blue, and the green light filter 1 1 2 are arranged between light-shielding films 111, the 
counterelectrode 113 which consists of transparent electrodes, such as ITO, on this is arranged, and the opposite 
substrate 1 10 which counters this array substrate 99 is constituted. 

[0120] And between the array substrate 99 and the opposite substrate 113, the liquid crystal layer 1 16 is held 
through the orientation film 114,115, and the polarizing plate 1 17 is further arranged and constituted on the 
opposite substrate. 1 1 3. 

[0121] As a liquid crystal layer 116, a ferroelectric liquid crystal, OCB liquid crystal, etc. excellent in the 
responsibility else [, such as a twist nematic liquid crystal, ] are used suitably. 

[0122] Moreover, it is further applicable to various display modes, such as echo / transparency mold combining 
and [ which may be a transparency mold and / by which opening was formed in the reflector besides the 
reflective mold mentioned above as a display mode of liquid crystal ], and transparency, and a transflective type 
using selective reflection film, such as cholesteric liquid crystal. 

[0123] (2nd operation gestalt) The 2nd operation gestalt Is the example which used EL (electroluminescence) 
component as a display device. 

[0124] This EL element is formed considering polycrystalline silicon (p-Si) as a barrier layer 131 on the insulating 
substrate 100 which consists of glass, as shown in drawing 26 , and LDD structure is adopted in order that N 
channel TFT may .reduce leakage current. On polycrystalline silicon (p-Si), .the.gate dielectric film t32'which . 
consists of silicon oxide film is arranged, and the gate electrode 133 which consists of a MoW alloy etc. on this is 
arranged. And the source and the drain electrode 135,136 which are electrically connected to polycrystalline 
silicon (p-Si) through the interlayer insulation fllm 134 which consists of silicon oxide fllm on this are arranged. 
Furthermore, it is arranged by the thickness whose interlayer insulation film 137 which consists of acrylic resin 
etc. on this is about 3 micrometers, and the pixel electrode 1 38 of the reflexibility which consists of a layered 
product with transparent electrodes, such as aluminum and ITO, on this is arranged. 

[0125] And in order to divide a pixel electrode, the septum 139 for pixel separation which becomes pixel inter- 
electrode from acrylic black resin is arranged, and the hole impregnation layer 1 40 which consists of 
; macromoiecule ion complex on the pixel electrode divided -by-tiie-SBptunrr 139 for pixel separation is arranged. 
Furthermore, on the hole impregnation layer 140, the luminous layer 141 which consists of a conjugation polymer 
corresponding to each pixel is arranged, and the cathode electrode 1 42 which consists of a layered product of 
thin film alkaline earth metal and transparent electrodes, such as ITO, on this is arranged and constituted. 
[0126] Although productivity is highly suitable for them as the hole impregnation layer 140 or a luminous layer 141 
since the above-mentioned polymeric materials can be formed by Inkjet spreading, this invention is not restricted 
to this and its various low-molecular ingredients are also suitably usable. 

[0127] Drawing 27 is the outline block diagram of this EL element, and shows the configuration for 1 pixel of EL 
display. Like a graphic display, it consists of an object for (Red R) colors, an object for green (G) colors, and three 
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blocks for blue (B) colors. In each block. DRAM71 which memorizes pixel data, TFT72 for a transfer, the refresh 
circuit 73, TFT74 for actuation, and EL element 75 are formed. 

[0128] DRAM71 and TFT72 for a transfer are formed by the number of bits of pixel data. For example, drawing 27 
is equipped with six DRAMs71 and TFT(s)72 for a transfer, and the display of 26= 64 gradation is possible for it. 
[0129] The refresh circuit 73 has the feedback TFT76 connected between the input terminal of two inverters IV3 
and 1V4 by which the series connection was carried out, and the inverter IV3 of the first rank, and the output 
terminal of the latter inverter IV4. The output terminal of the latter inverter IV4 is connected to the gate terminal 
of TFT74 for actuation, and EL element 75 is connected to the source terminal of TFT74 for actuation. 
[0130] If six DRAMs71 and TFT(s)72 for a transfer are connected to juxtaposition in the refresh circuit 73 and 
either of TFT(s)72 for a transfer turns on, reading appearance of the corresponding data of DRAM71 will be 
carried out. and they will be inputted into the refresh circuit 73. 

[0131] EL display of drawing 27 has realized the gradation display by controlling the burning period of EL element 
75. For example, when performing 64 gradation displays, as shown in drawing 28 , six subframe periods from which 
burning time amount differs at an one-frame period are established, and the ratio of the burning time amount (a 
part for Kurobe of this drawing) of each subframe period is set to 1:2:4:8:16:32. And according to the value of pixel 
data, it determines whether EL element 75 is made to turn on within each subframe period. 

[0132] Drawing 28 A carries out the rear-spring-supporter graphic display of the period which the EL element of 
this pixel turns on actually at one frame by making the case of the pixel of pixel data (1,1.1.1.1,1) into an 
example. The EL element section of this pixel emits light actually at the period shown by the black of this drawing. 
Drawing 28 B carries out the rear-spring-supporter graphic display of the period which the EL element of this 
pixel turns on actually at one frame by making the case of the pixel of pixel data (1. 0. 1 , 0. 1. 1) into an example. 
[0133] Hereafter, actuation of EL display of drawing 27 is explained. First, where word line Wi-W (i+5) is turned on 
in order, the writing of the pixel data to DRAM71 is performed by supplying data to a bit line in order. 
[0134] After the data writing to DRAM71 is completed, every six TFT [ one ]72 for a transfer is made to turn on 
in order by controlling control-line SAHSA (i+5). TFT72 for a transfer is made to more specifically turn on by 
turns in order for every subframe period. 

[0135] The data of DRAM71 connected to tumed-on TFT72 for a transfer by this are inputted into the refresh 
circuit 73 in order. At this event, the control line A is high-level and turns off feedback TFT76. 
[0136] Next, the control line A is made into a low level, and feedback TFT76 is made to turn on. Thereby, refresh 
actuation is performed in the refresh circuit 73. .. . 

: [01 37] On the other hand, ah electrical^btential-diffe'rence pulse like drawing 28 C of drawing 28 A and this ^ 
period Is supplied to a current supply line. Therefore, if the output of the refresh circuit 73 is high-level. TFT74 
for actuation will turn on and EL element 75 will light up during the black period of drawing 28 A. 
[0138] The timing and the luminescence timing of EL element 75 which write pixel data in DRAM71 can consider 
not only a general way but two or more kinds. For example, drawing 29 A indicates the timing chart in the case of 
establishing the renewal period of data of DRAM71 separately to be the luminescence period of EL element 75. 
[0139] Moreover, drawing 29 B shows the example which uses a part of luminescence period of EL element 75 for 
the renewal of data of DRAM71 . What is necessary is just to turn off TFT72 for a transfer, and feedback TFT76, 
in order to update data during a luminescence period. 
- r0M0> Moreover.T drawing 29: C shows the example which perfonris renewal" of data of DRAM71 to this'timrn 

mostly between the issuance machine of EL element 75. In this case, what is necessary is to turn off TFT72 for a 
transfer, to separate DRAM71 and the refresh circuit 73, and just to perform renewal of data of DRAM71. shortly 
after refresh actuation finishes. Furthermore, if it is performed as follows, it will become possible to carry out 
renewal of memory completely independently of a luminescence period. That is. even if it is the midst which has 
sent the electrical potential difference of DRAM71 to the refresh circuit by TFT72 for a transfer, if a word line Wi 
is activated, the logic which surely makes SAi a low level will be defined. A luminescence sequence and the 
renewal sequence of memory can be defined a completely independent period. It will become possible just if it is a 
configuration like this invention. 
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[0141] The drawing 29 B can lengthen a luminescence period rather than drawing 29 A, and drawing 29 C can 
lengthen a luminescence period rather than drawing 29 B. Generally, the one where a luminescence period is 
longer can reduce power consumption. 

[0142] Although what connects 1/0 of two inverters on a loop formation as a DRAM refresh circuit was used with 
this operation gestalt, if it is a circuit with the function which amplifies the logical level of DRAM71. it can deform 
into others variously. 
[0143] 

[Effect of the Invention] Since according to this invention 1 pixel was constituted from tvyo or more 1~bit memory 
and the polarity-reversals circuit was included in 1-bit memory as explained to the detail above, the inverse video 
of liquid crystal can be performed by simple control. 

[0144] Moreover, since two or more 1-bit memory from which area differs is prepared for every color of red- 
green blue, a gradation display is attained. 

[0145] Furthermore, in order to form a subword line, a possibility of writing data in unrelated 1-bit memory 
disappears, and image quality becomes good. 

[0146] Moreover, by the adjoining 1-bit memory, since the data line and a polar control signal are communalized, 
the number of wiring is reducible. 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the outline configuration of 1 operation gestalt of the liquid crystal display 
concerning this invention. 

[Drawing 2] Drawing showing the structure for 1 pixel. 

[Drawing 3] Drawing showing the example from which the area of each sub-picture element field differs in each 
color of RGB. 

[Drawing 4] The block diagram showing the circuitry of the pixel array section 1 circumference. 
[Drawing 5] The block diagram having shown the circuitry of the memory cell 1 1 circumference in more detail. 
[Drawing 6] The circuit diagram showing-the configuration which prepared^^SRAIVhand a polarity-reversals circuit - 
for every sub-picture element. 

[Drawing 7] The circuit diagram of duplex WORD lineation. 
[Drawing 8] Drawing explaining duplex WORD lineation. 

[Drawing 9] The circuit diagram showing the example which shares the data line, polar control-line P+, and P-. 
[Drawing 1 0] The block diagram of the display controller who packed VRAM4 and the VRAM controller 5 into the 
one chip. 

[Drawing 11] Drawing showing the example which carries out a level shift with an analog buffer. 

[Drawing 1 2] Drawing showing the example which forms the level shifter 52 changed into the large amplitude in 
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the latter-jjart side of the analog buffer 51 changed into small-size width of face. 
[Drawing 1 3] The circuit diagram showing an example of a level shifter. 
[Drawing 1 4] Drawing showing the I/O wave of the circuit of drawing 1 3 . 
* [Drawing 1 5] The detailed circuit diagram of thie analog buffer 51 circumference. 
[Drawing 1 6] The circuit diagram showing the concrete configuration of an analog buffer. 
[Drawing 1 7] Drawing showing the structure of 1 -bit memory. 
[Drawing 1 8] The timing chart of DRAM71 structure of drawing 1 7 C. 

[Drawing 1 9] Drawing which measured power consumption by the case where the whole memory is rewritten, the 
case where it rewrites per line, and the case where it rewrites by the matrix unit. 

[Drawing 20] The block diagram showing the outline configuration of the liquid crystal display at the time of 
constituting the pixel array section 1 using the 1-bit memory of DRAM71 structure. 

[Drawing 21] The block diagram showing the outline configuration of the liquid crystal display at the time of 

constituting the pixel array section 1 using the memory of DRAM71 structure. 

[Drawing 22] Drawing showing the outline configuration of the 1 display pixel in drawing 21 . 

[Drawing 23] The outline block diagram of the liquid crystal display in drawing 21 . 

[Drawing 24] Drawing showing the actuation timing of the liquid crystal display in drawing 21 . 

[Drawing 25] The block diagram showing the outline configuration of other liquid crystal displays at the time of 

constituting the pixel array section 1 using the memory of DRAM71 structure. 

[Drawing 26] The outline sectional view of an EL element. 

[Drawing 27] The outline block diagram showing the 2nd operation gestalt of the display concerning this invention. 
[Drawing 28] Drawing showing the relation between a frame and a subframe. 

[Drawing 29] Drawing showing the relation between a luminescence period and the renewal period of data. 
[Description of Notations] 

1 Pixel Array Section 

2 Three Address decoder 

4 Display Memory (VRAM) 

5 VRAM Controller 

6 CPU 

7 Circumference Circuit 
1 1 Memory Cell 

.12 Data Bus, - ' / : . ; . " . 

1 3 Bit Line Actuation Circuit 

1 4 Word Line Actuation Circuit 

15 Train Block Selector 

1 6 Line Block Selector 

1 7 Shift Register 
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little: 1 6 pgW*/T^Srll5S,-r5e>J-e*) !? . 4.-o<DS'Jiii^ 

IV3. I V4iSr*-L.. h^Vv^;^ 
^Q4, QSSr^-rS. 

(004 11 gl9©lH]?Stt, «l;^i*]fcpg!-rSiiJiii* 1 

0 oicf±-t-ix^h,gij<@<D!7- vmt:mmr^i!.^mii^h 

S$n:fc4o<DsiJpi^l 0 o-r^x\zmm\:imm^i^' 
(0 0 4 21 i:i^-e, E]9A-e(±. m^isitcp^-fs 

2ocOirJB*l 0 OWFbIJcx— ^*8^geai-5«»J$rm§^ 
(004 31 (7'-f;^7°l-'-r3>'hn-7©^^) 01 
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(0 0 4 41 0 1 0HVRAM4 iVRAMa^' ho — 7 5 Sr!7 

^0-efc5o 0^<Ox^;^yW3>'hn— 7fi, CP 

;^hI/F) §B41i:. 3V ho — 74 2 

;^7'L'-1*FIF04 3 i . ^'I's/ ^' T y :/;W4 4 t , 
VRAM4t, »^iiA^K^i[H]8§4 5 i:. n:fytiiL:/o -y ^ 
X KU>^^!tlHlSS4 6 T KU;^^tfeIi]SS4 7 t . 0 
10 1 ©T K^;^X=" — ^^2, 3^©7^— ^'roSltiSbSrtf 
^-YV^P'o:— (I/F) g|54 8 irSr'fr-f-S, 
(0 0 4 51 *tii^^?ilH]SS4 5{4. CPUedSVRAM 
4(Drt^S:»#^;tfcS/e»^$ri£iii-5i VRAM4 cDl^^;6S 

(0 04 61 T K^;=^^m[H]?S4 7(4, CPUSASJgJg 
-'l'S'^'T5'r7'-:^/V4 4tt, CPU6*SJ§ 

[0 0 4 71 (*-x-i5'*^^^y--©/h^tg«#ii 

^) ±iSUfc0 7co|5igs«^, 11^3/ h^i&y 

5o rOi&^<D7^-^OStS(4, fV/^-^ IV3. I 

^IV3. I V4(OL#V^jiSd5, ^T-{4botSr# 
30 Jt^CA^^T2.5V±0.3Vti-5^:v X~:?II*S2.2V£I 

(0 0 4 81 -tCl-C, 01 HZ^-tXjiC, 0V-5V 
r 5 HCX2V-3 Vfi<S(D(s-§-{C U-'</V->7 h Ufc 

ft> 1 i^y h^^y 5 std^i^-fs. ::tHJ:J;t), 

(004 91 ^fc, 1 f > h;<^y 5 5rtWi?r*>{c:lf 
SC 1 Srg^ic-rsO/isa^ L,l\ r<DJ; pi^e^iC 1 Sr 

I V 3 . I V 4 roasts ;*C* < TI7- mAsStt^t; 
[0 0 5 01 0 V-5 VS^SOt^v'^/I't'-^ 

1 V- 4 vo/hfitsic-r^ i J; !? , T'-^rJ^Efflo 
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7rwf^t>9t-, ■^f-§•oo-//^'1'^iJ^?c•c 1 v-4 V 

[0 0 5 1] lllscc-^/w^T'V'i^f-ifeft^lwSlHl 

5/ 7 r 5 1 ©mSffiOtc:. ^MIgfi^mi-5 \^-<f\''yy9 

[00 52] la 1 3 fi l'--i>'l'v-7 ^ 5 2 <0— ^TilSr^i-Ii] 
8SI1^ Ell 4fiiai 3©|Hl^<DAa;^>jS?^^^-t-|21t?fc 

5o 1 4 lCt3V>T, 300nsec^-efi;^^ s/^SWl 

©a^'xvf-c 2(DfciB!)miSf*i.65Vi::?ie?)o - 
(r>h%. v/'^-^J' 5 3<DAm;^4S^fi:^-< s'^SW3 

[00 53] SOpnsectil^ft;^-!' s/'^'S W 1 i^:^y 

[0 0 5 4] lai 5{iT-^^i3^/<s/p'r 5 \mil<DUU 

tt. ;^l'-y^SW4, SW5;5SSi^$n. ^T-^-d;/^^-;/ 
p'T 5 i<omi^S8^tcf*=> v^>'1>rc 3S^^^L•c^'>'''< 
— ^ 5 4;iS@^igc*HTV>5. 

[0055] T-?-o^^^s'7r 5 itt. ie^»:::f4llll 6 
A©±5'i2ffia<oh7Vi?;^<5'Q8, Q9-elffiS;^tv 

5o fcsvMi. 01 6B®J:.5^^Miilit^SIllK^^^fi£^-L 
[00 5 6] ±x&u^3iJ6?»«§-^tt» m^Twesirt 

O 1 t' y h 7* ^ y ^SRAM«itlC-t-5fi«JSrlftBJ Ufc*^ DR 
AM«3i-^1ggt:ft1^S«5t{3 LT J: V ^, la 1 7 1 s/ 
h;>'*JJ W^3tSr*i-|i|-efc(3. 0 l 7 AtiSRAM^it© 
lai 7B«:tetltAffifS!1»igO^!l, mi 7CfiDRAMl» 

[00 5 7] SRAMSr1»^-t--5 -Y OPMOS h 5 

^ SrffiJit(c:«# tfe^fc t <^ 1 .7 B ©SteiAffiflsif 
JtfC^C?.. 01 7 CtC^-f-DRAMl»3tW^. 

[ 0 0 5 8 ] 121 1 8»±lil 1 7 C(DDRAiHt5t<Di5'-< 5 
igt?fc5. ei^T^ @^cS':5^^•r01'7C<^)SK)'f^SrSll^i- 

[0 0 5 9].*-f. T'-^Sti^i^c^^WS^Ifte^-f-^o 
x— ^S#iii^^f4. HI 1 7 C<D17— . Ki^WiSrStt'fk 
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[00 6 0] ifefc. mWiSr^ffitttC LXm-^-A 

[006.1] m'^. ■(S-^-S Bi4r^il$-fr5o Citbl^nj; 
C s V"<-'WimagW"<>'Hc^S^?ix5« -t©^. !7 

[0 0 6 2] ^-^mim^^oi^^^) yi^y'y 

10 ^J4, £XTO#JllT-tT*pJv5. 01 7CJC*SV^T, 
S Ai SrSftt-ftirS t . ffilb^SC s (DISS, u^/^ib^^ 

i)mm^tc siz'sti^^-iin^o ft-f-sAd+i) ■ 

[0 0 6 3] /i*J, 7*— ^'Wy 7^s/V=-f4> X— ^© 

[0 0 6 4] 01 9(4, yt^D±w-i:m%m^?>m^ 

[006 5] 020 fiDRAMlftitW 1 b' y h 7« ^ y SrflJffl 
30 It^m^^^Tzfo s'^0-efc5.-.02 0<D|H]gS«fiK(4. 

s*«)»-tt05 tmmxh?>i)^. mmri^-^^iizR^ 

y 7 u 5/ v/a-Eggot <DDRAM;65^Jj- biXTV?) -^T-0 1 

[006 6] SX±X(±. 1 t* •;/. h * y ffitt ^ Hfcf^ 
a u-</HcS<5 < Srf¥ L < IftBJ L fc ;65 ^ 7=^ v'^ ^-weft 
^{t-§-SrT-^D^mffi^'<>'Hc:D/A^|feb, T-f-o-^ 

40 t^^yirL, KT-J4;>'*y '<-^co4bit 

. 6-8bit^^tC-C#5, *?SMH*5»t 5**JS»4 

[006 71 m 1 0*l£?i^lic7?^S*/T%ig«Wjif 

jg<«iAfl£fiaj»-ov>T0iiDSr#flS LTlttW-TS. 
[ 0 0 6: 8 1 w (0?$fi*S^^gf4v P D Affl V ^ 
5>!^t■:^l4.'r>"?'1^1'X. ;^,®^?gc320 (XS) X480<D^ 

[006 9] 0 2 1 m r ©*8tSa^iSS©«t8S«fiK 
so 0, 02 2(4^^iB3^<omR&^^0s :k'J:U:02 3(4^ 
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[0 0 7 0] roj^a^^^Bfi. ^mmmt Lxmx. 

1. — >tt<0YTKw;«.f'3— ^^2 a. 2 b, XT K^;^ 
#ifeS->'y='i^- h7>'v':^^' (p-Si TFT) \zi:<o-W 

[00 7 1] ±|BLfc'<>'i?-7ai^';^gB5 a^rTU-f 

2 0 0 ±ic-i^mcm^-r?> ^ i: -e, ^is-rs 

y ^ . ai^hn — V I C5 b <Dm;^?lf >'^Sr'{S«-^ 
rtvlc.}; t) j/^ • 3 V ho-y I C 5 b $r 

•7 • nvhn— 7 I C5 bi[if^S:#ih§-B:5 w i: 

[0 0 7 2] r.<D{tii, TWS*52 0 o±t;itt, 
roVRAM^^- hn — 9 5 0i^tg(D— a5t«*;^*y (VRA 
M) 4 tSr l^^-y-^"— i^l-* ix^ • 3V 

hn — ^ICSbt, DC/DCaV/^— ^^©maSia 
Sl5rrt]SEUfc@aS I C 8 i:*SCOG (chip on glass) 

[00 7 3] ^7 7-f-;/^-3^hn — 7lC5b 

y^=fK/<7. L 1 »^KgfSEi^$tb-cv^5, mas I C 8 ttia 

^ U^ic^^^1-Slsmi!S^-®^$^^. 3 V(D^SBEVDD*sJ: 

[00 74] ^^T'y-rgB 1 f4. ±xE Ufc J: 5 J-^B^ 
^320 (X3) X480-t?«lj*$tv, *^®^©fe:&-e 2 
«|J$H, tA:±T-C-4^>ti)$ixfci60 (x3) xi20pi^ 
*^Pj/.C5 8 7'D s/^ (Al~4, B l~4) \Z.m.'!ft^^ 
■5. *^TW-<ei5lrt©fe:^os/^ (Al~4) liVr 
Ku;^7'3-^2 at;iJ:oTfBlffli$tu. ^^nyi? (B 
' 1~4) HYT K^:^5'3— ^2 btwJ:oT^J#^5^i/ 

[00 75] WtP 1 ^^fig-f-5=&*^®^l±s ■ 

m 2 2 \z.7F.^^ b W^)kMtl^ 2 : 1 
^§8 1 a, 8 1 bSr^:ix-5r*H*tx.Ti/>5o ^ 1 <?5S'I*^ 
iSmS^iS 1 a tJCj-lSimSVcomtc^ratwttfS^^ACL 
ca;5S?g^$ir, II 2 ©iim^SS^a® 8 1 bi:Mlfi]fl®- 

[0 0 7 6] ^liWrnm^S laSr^i^JLT, 3t'-;/ 
h^)^<Diii*7^— ;J'DATASriS1ti--5DRAM7 1 a-1, 7 1a 
-2, 7 i a-3i:, #DRAM7 1 a-1, 7 1a-2. 7 1 a -3 
tcM^SLT^tt bil-5tejllfflTFT 7 2 a-1. 7 2 a- 

2, 7 2 a-3i:, #DRAM7 1 a-1, 7 1 a -2, 7 1a-3 

LT*iitClS;<t fjHS y 7 U •> v'3:|Hl8S 7. 3 a i . 
||liiJIif^1S®8"lat y 7^S'->'aLlUi^7 3 a iC^Fa^ 
tCgae$ix5^ttSG[Hl!S7 7 a ir/J^igftfctLSo 
[00 7 7] 4 fc. %\ giJUi^mtS 8 1 a O 1 / 2 (Dffi 
. WSTtjO^ 2 iiJiS^S^S 8 IbiCjft^&bT, 3fs'h$> 
(DB^t'— ^'SrIBit-t-'5DRAM7 1 b-1, 7 1 b-2, 7 1 
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b-Si, ^DRAM7 1 b-1, 7 1 b-2. 7 1 b -3li>F)-J^? L 
•C|S;ttejH5tej||fflTFT7 2 b-1, 7 2 b-2. 72 b 
-3t. #DRAM7 1 b-1. 7 1 b-2, 7 1 b-3JC*fUT* 
®}r:K(tbtb5y7U-5/v^3.|5|gS7 3b^, gltRteli] 
^7 7 b t;65|g(t^,tv5c 

[0 0 7 8] 4fc, ||liiJ«^p*S®8 1 a i:B2liJ 
^^®^©BI8 l 'bi:©ra»-tt, ^S^SCLca, CLcb 

10 [0 0 7 9] DRAM7 1 a-1. 7 1 a-2, 7 1 a-3, 7 1 
b-1. 7 1 b-2. 7 1 b-3©-tn-?:**t». f-V^y Vi?' 
b 7 >'v';^;5'STrl~STr5i:^l:CsO~Cs5t Sr^i-5o 
[0 0 8 0] y 7l/s/V3.[p]?S7 3 a. 7 3 b OV 

(vss) *5j;t;«5v (vdd) ©ajE^'i' 
E?imi^$Hfc 2 ow-r I V 1 .. I V 2 , ?0 

©©w' ^-^^-^^ r V 1 (7)A;^»ffi^a:^^®-r v/^-i? i 

V 2 wtii:;'3iS^^ cDrat;:^igc$ tufcilf jIT F T 7 6 a . 
7 6 b i: Sr^r-r ^ LT. ttiifeO^ I V 1 © 

ffi;^SS^J3J:U'ms®'<i^^^-^ I V2«)m;^a8^tt@ 
20 ■ttS^[H]?g7 7(c:g^^$^^-C^^5o ' 

[00 8 1] El 2 1 co^S^*iS@«Sbf^l-':>i,> 

[ 0 0 8 2 ] ISI 2 1 <r>m^^7P^WMi~. S^PtSS ("S-^ 
^Ili»±2iiJ*^®^«<18 la. 8 lbT-1S^$H5) h 
/^V^;^|^S^p ( 1 7 AMFBltc^itrNFftl©M''i 5 3 o 
(01^7'7l^-A^ra?S:^tt. (lll~^ 
3^^) »iK©^fl-^ra(Olt^Sr. 1:2: 4t-f-5) 

6 4Pip^^^iiia-rs'b©-c-i>5o • 

30- [0083] 'S-«*iii^f4^ e y i bTDRAMSr^B;tTl^ 
5fci6,' !^lt:B^Sr*^i-5^f-l4iliaigi!i[HlK(^fi)f^ 

4 fcs- 8 :/d 5/ o343i:®J^{i J: t) , 

[0 0 8 4] f¥L<»±, • =Ji^ I 

CH:> s/^' • 3>' hn — 7 I CF*9<D7U— i>.> 

* y 03Eff;i5;^cvN^raie:ii^J!i i c 8 tci^cihW^SHUTS: 
40 Ul;^L, -^^^cS':5^,^T1i;^!i I C 8(4— ?f6<0:/D 

[0 0 8 5] if =77 -iy if ' a^'bD — 7 I C»r 

8*^7^— ^ data© A:^ ^5 (, ^J^^c:o^, ^-cSi5^i- 5„ 
. [00 8 6] '^^<DmiBS:^^W:X^t. if yy Ay if • 
3Vha-7 I C^c:e*^7'-^?dataC>A;'^;^5/j:^,^;®-a•T- 
ii>oT>, ifyy^yif- avho-^ I Ctt^tdl 7 

ifyy A yi> • h o — 7 I CA^feco— ^©Bft^r'— 
so ^'data<oai^Sr#lt$-fr5wi:*S-Ct4. 
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[0 0 8 7] m2 4n:i(Dm7j^MM<Diyu—J:.M^\h 

[0 0 8 8] . ^SiJ t 1 t 2 oraT^i. DRAMTlb- 

I 0 0 8 9 1 ^<^^. ^^J t 2 t 3 (B 1 
X*tt. @tt5telH]8S7 7|;iA;^?$tb5@ttfS-i-PolAd5/N 

^miS8 1alCtt5V (Vdd) (OW^tf^. %2wm7Tm 
mw&s 1 btrtio V (Vss) (^li;JE;d>^tt^*tbfn^jp$ 

10 0 9 01 -t<^1^. ^^J t 3 - t 4 (OPB^T-ti. ftij^ffi . 
««@8 la. 8 1 b<Da{iSr*J-[S]m<S«teVcomlCv'3 
^tixTl^^m?3ffit^ofciAy^J[m^iX^o ^/c. DRAMVlb- 

[0 0 9 1 ] ^CO^.^^Jt 4— t 5 (^2*/i^»FB^) 
-ett. SttSK[H]8S7 7tcA;^$ti.5®'ttm-^PolA;6S/> 
>r i^^/V/, PolB;6S n - u^Mz^W^^fi. % 1 i'J^^M 
^S®8 1 a t;if^O V (Vss) cDttJE^as, ^2giI«7T^lJ 
^m®8 1blrfl5V (Vdd) (0®J£^5;ei^^*^^W^P$ 

0W\zWL^^fiXi6 9 , rivlc J: 9^1 S^^ftlrt 

(^^J 12-13) m i«/T^Pf^m®8 1 a 

fs^-r^^m't%tmm\^. %2wm7mmmMB i bic • 

[ 0 0 9 2 ] ^(O^. ^^Jf 5- t 'eOfBjT'tt. *JS?fS 

-g-ASr-^^-f \>^^MzW^\^X. m 1 *5 J:U^||2 iiJ^^B 

^mffiS 1 a, 8 1 b(D||>f4S:>Etfp]m@ll{aVcoin(Cv'3 

$i^TV^5m^gfttv^ofc^^^cS$^^5o ORAMTib- 
CsS\z^-^mr\^^i\-\^XA\fy h i O-r-^J^ CO*) 
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[0 0 9 31 'e<o^^. p^^j 1 6-t 7 (.%^^mm) 

X\t. ffittS:telHli«7 7lc:A;^$tt5@ttfi#PolA*5/N 
^W'</K PolB*5n— l^^/VfcS^^tb. :SliiJ*^M 
^m®8 1 alCttSV (Vdd) omBE;^^ :ll2iij*^® 
*m®8 1 bJcittO V (Vss). 9mflE*^^^^-?'i^PP*D$ 
H5o f^. ro^. Mfpjmffiomffifio vt;:^^$ixT 
4^9. rtt^Cj:!9^1*^fflrart (NF^Jt2-t3) 
fi. . ^ 1 SiJ*7f:Iif*«1S 8 1 a IcM^-f 

iiU m2&J«*Pf^«@8 1 bjw^^iS;i-sii®tt)t;^5 

[00,94] r<DJ:5f-! **J£fi?iJT*tt. 
?E'f'^fc*<^2ocDifJ^^Iif^tt@8 1 a , 8 1bir. 

. -ma^^aara (iii-ii3*^«sra<^.^^T^F«i^^it^ 

ttl : 2 : 4) tS:ffi^^i::)'^fclEtb(-J:!9. etr's/h 
§?^y^-^lcS-^< 6 4Pgp«^;$>5|ia^tt5o 

[0 0 9 5] fSj. ^Jc:7U-A«Kl-4oV^Tfi. ^ttSte 
lUK 7 7 l;iA:^l $tbS®ttfS^PolA«n- U^/K PolB 

[00 9 6] J£jl±(0 J: 5 la 2 1 CD?$fi«/T^^«T- 
(i. ^^:7^ -/^ . Kn — ^ I CtC§5J^'r^^data 

ftih^ii:.- rt«£$tu5DRAMlC{Slt$nfclii*'r-i5^DATA 

[0 0 9 7] ifetc. ±|B(?5**t^ffi;65ggi^fc^{e:. 
.y ^ ' 3 V h — 7, L C iZ^iSiy^.-^^data^^Atl $ 

[0.0 9 8] i/^>^>f ^>'hD"-^ I ClCfi, C 

PU6 mi^m) :^^h'>:^y'A^<:^Ll^:ft'l.Xi^y< 

X A D s/ ^ S YSCLK t * . . 6*^7^— ^ data*5 J: t/ r CO 

^^t:— ^dataCOT Kt^;^'X— ^adrs;657^;^?$tt^o ^ 

7:7-f 5/^5^ : =»>^ ht^ — 7 I cti. :i<OT Ki/:^'^'— ^ 
adrs^cS<5V^T^?'7:7-Y ^^^^ • 3X h d — 7 KCrtO^' 

[0099] ^yy ^ ..iirvho — 9 I Ctt. A;^ 
40 $tb5V;^7"iN^ o 5/^SYSCLKtc:S-:5V^TXT Ki^;^x 
3— ^^3 STftaW-f-aX^n 5/^XCLKi:X.;^^— KXSTSr 

fc.. ^yy ' zii/V^—y I Ctt. jE«r$tufc§ft 
^T^-^'.datatzM^SUfcA 1 :/n2 y ^ <Oiif^7='-^DATA 

^iy^ — y:xL^y^U'5 a tcm;^*t5o 
.[010 0] >r v^ — :7:3i^;;^aJ5 a AJ^^^HSX 
^Ps/:J^XCLKJc:S<5l^TY;J'nsy^YCLK5r4AKL's 
50 Y^X3 ^y^YCtrnXXJ^Y:^^— KYST^YT Ki^^t'^^ 
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-y2a, 2 blc:tii;t)b. *fcXi? P s/it'XCLKjaJztJ'X 
hXSTSrXT Ku;^-r3— ^^3tc:ttl;^-r5<, 

T Ku;=^7'— iJ'YADRS^rYT KU-;^X3 — a . 2 b 
{cffi;^|-f ®^x-^DATA4oJ;i;«XT K^;^7' 

[0 1 Oil XT Kl^;^x3— ^^3f4, 7sti-^i\.^WM 
•r— ^DATAtJ iU^XT KU'^^t'— iJ^XADRSIcS'tJl/^-CH 

■7*— :^'Sr1^>■7'y v^^iHiKs pt?1^>'7'y i^tj^b. t*— 

-^^K^-f ^^XDR. s/^XSWSr 
:ft-L-CA2P^P i/i^td^JSi-^X— ^^Xna. XnbtC, 

^ctiS-tSPilg^— ^'DATASr'S-trs/ hlRtz:J(|?>cm;^i-5. 

[0 1 0 2'J YT KV;5^X= — :J^2 a . 2b<DT'3— K 
gCDCfi. A;^$i^SYT KU-^^'X-^YADRSICS-^JVN 
TA2yp S'^'tc:>EtJ«;;-r5S'J#la5 2 L©^*Ti5'7^^7' 
tC. *J1»a2Lf4>ttft?@f*ldft-f- (A.W1~W3.SA1~SA 
3,PolA,PolB) ?rffi;d-t-5o 20 
' I 0 1 0 3 ] 121 2 4 JC^-f-A 2 :/n S/ ^{'(D^'l' 5 V-i/t? 

XT KU'^'^y^^— y 3d»feA2yD ^ tc*tJ^:i"5f^— 

^MXna. Xnbtre K'iy h©H^x-i?DATAdS||BJ!fc«*& 

^nSo YTK^;=^7^=■-y2a3!l^^1^V7'yv 

hDATACDO f y h BdSDRAM7 1 b-l<D§SCsO»CfS4t$ 
nSiitti. 3bit*SDRAM7 1 a-l©^fiCs3fwfSlf $ 

efs^ hDATA©! k*s/ hB;iSDRAM7 1 a-2(0g»Csli:i 

4bitgASDRAM7 1 b-20D^gCs4^i^$^^ so 

f s/ hDATA(D2bitS/{iSDRAM7 1 b -3rogl:Cs2{CiS^t $ 
tv, 5bitgd5DRAM7 1 a-3(D^l^:s5fw^l^$tu5o 
[0 1 0 41 5feW^^^lii:**9v DRAM7 1 

b-1. 7 1 b-2. 7 1 b-3. 7 1 b-1, 7 1 b-2. 7 1 
b-3(D^lCs0|c:0bitgo5r'— ^" r SJ:CslJc:ibi 

teox-i?" 0" /js. s»cs2tc2bitgrox— ^" r 

??aCs3|C3bitg<D-r-^" 0" ^SCs4|r4bit 
gO-r-^" 1" ^fiCs5JC5bitB<Ox-^'" 0" 

10 10 5) ;^e*J, ■:l^'mm<n>m^\^^^\-t. #DRAM7 
1 a-l~7 1 b-3i:liJ*5^iBiil®S8 1 a, 8 1 b tc:® 

7l^-;/->3.|El?S7 3 a. 73bi:^i1^>'^ 
!i >-i^ll)f^K!flrteSffl h^Vv':^^? 7 2 a-l~7 2 b-3 • 

*j7^Sbf^?rtf 5<OtlR)^('DRAM7 1 a-l~ 7 1 b-3 CD 

[0 10 6] HI 2 4 JC^-fO. 3bitS©ci— KMaPflT?. so 



mmy</^:^sAuz X <o ^mm h y yi^^ ^ 7 2 a -i. 7 

[01071 m:^ti. ^ 1 (024 (OV^Pi t 2 

~t3) T-f4. iimste[a?§7 7^cA;^J$t^5«i^^m-§■ 
polA;^|S/^^ u^/v, PoiB;i5D — ^'</^^rlS:;g$^^. Hi 

Wm^WmMMS 1 a\ZliiOV (Vss) comflE;iS, 112 
iiJ*S^®^«@8 1 blCttS V (Vdd) <omflE*5^tu-? 

^$tuT*5 1? . r tvtc J; 1? H 1 S^^Pelrtfi. H 1 gim 

[01081 ^<D^. EI 2 4 <D^n t 3 ~ t 4 -Cfi, 

»m-§-A<Sr^^-r u-<Mz.n'^Lx. Hi*5J;O^B2iim 

^®*«® 8 la, 81 b O®{4Sr>Ct|fi]S®®fl:Vcomf;i 
:ittfrj;9, JSS^SCLca. CLcbtC 

^*«f$^^T^^5mWf4^^ofcA/^^c®$^^5, :tfc, DRAM 

Tlb-ac^^fiCsldT^"— ^^XnbSr^UT 1 t's' hi<^-f=' 
(0!|;ttf'l') iJS^S^^^tuSti: DRAM71a-2© 
^S:Cs4tc:7'— iJ'I^Xna?::^ \^XA\fyVB (D'f—^ (' 
0-) ;iS{!&lt^^?>„ 

[0 10 91 -5:<0^, .^^J t 4~ t 5 (^2*;^»Pb^) 
-ett. «Bl4Rig|Hl8g7 7lcA;^;$HSffii4^B#-PolA*S/^ 
'I'u^/K PolB:SSn — U'</H;i^;fe$H. :^l iiJ*^iB 
^m^8 1 afw»±5V (Vdd) Oli;lI;i5^ M2iiJ*^® 
^«@8 1 btCliOV (Vss) omjE;S5;eH^nfPJP$ 
Jx5, iSii, *H6lliffi©«El4Bl*S^^Mi:l^ 
«|j;iO V»ciS3£$tvT*3t). m}c:j;!9||l«*fflpflrt 

(^SiJ t 2 ~ t 3 ) tt, :^ 1 i'JS^®*^@ 8 1a 
lJ;-r.5M^f45t:eiSSiiUs l|2iiJ*^pi*S®8 1 b(C 

[ 0 1 1 0 1 -tcDS. ^^J t 5 ~ t 6 <n>f^-ri\-t. M^m 
-g■A=Sr/^-l'^'</^^c:lg:^LTs S 1 *3 J; U^H 2 iiJS^M 
^S;i®8 la. 81 bW^'fiSr^fetl^ai^a^VcomlCv'a 
-h-^-fr-So rixlC«tiJ. ^S^fiCLca, CLcbtCliSif 
$tl-TV^5mit(4V^o^c^i5cm$H5, -tfc, DRAM71b- 
3^D^4Cs2^Cx-^5'^Xnb§r:^^LT 1 t's/ hS©x— ^ 

(t^ij^tf'l') i t ttd. DRAM71a-3(D^» 

Cs5Jc^— ^i»XnaSr^<M.T4 f s' H mpf—^ CO") *S 

[ 0 1 1 1 1 ^rO^. BtSiJ t 6 ~ t 7 (H3*^«i!g) 
-Cfl. i®14Stell]K7 7lCA;^J$ix5^'ttfI-§-PolA*S/> 
-Tw-'^/K PoiBiSci — U'</Hr^;e$n, ^1SIJ*:^W 

^«@8 1 afCliOV (Vss) ©®JE*^ M2iiJ«^® 

^^^8 1 b^ifisv (Vdd) rc>®jEj55-?-ti/-?tvEP;!jp $ 

fc-ij. rHti:J;»)mi«*»irart (Nf^Jt2~t3) 

(4. W, 1 SiJ«/T^W*«^8- 1 a {cm-r5fB^f43t*5jg 
8lfL. m2iiJ«^iiiSm@8 1 b lcm-t-5IS*S(±^i6S 

[0 1121 fSj. 7'—9>.ti<Otiii)^-r>tz.^<D-:fuyif 
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to 1 1 3] ±^uytJ:5i-, ^mfe^ijo^s^^^e 

^$r2ii]*^®*miS8 la, 8 1b-C#J5K) ^<f\-y^ 
tt) m^(0^^^f'R(D)A:.m^. 1:2: 4i:-t-5) 

[0 114] ^fc, «^€i^^2J!k7E«)»c:^iSc<^>^ct J/ 

[0 1151 ;LWllJS^J-ctt.}^fBtc^*p$i>5mffi<o 
J:5«/T%ia<4o<&T«:l»itUfc*s. ?«»m;^filS:*:i-5 

lo 1 1 6 1 ^fc; .r:<Dlllfefiajt?ttMi6im®©mtt:Sr7 

(0 1.1-71 t^^-ri. ±fS©IIJS0iJT-»4. YTKV-;^ 
g| 2 5 iC/T^-Ti 5 J-^Jy- Ki»IEfJ)lHlK5rKa-f 5 r b 

[ 0 1 1 8 1 El 2 1 W«ES*^^SWffif^»;col,^T. m 

1f^1-?)TFTti. ;«f 7 ;^/6^b?te 5*6^*^1 0 0±liZ 40 
• ^igSv/i) V (p-Si) 1 0 1 S-g-tt^ i bTff^AK;^ 

DDtSJid5$gffl^tlTt^5, (p-Si) 1 

0 i±Ki-imti^v ^^'^m^^h^j:^^'- hmmmi o 2. 
>'mi^hfj:^m^^mi^mi 0 4?r:frLT#^B%v-y 

(p-Si) 1 0' 1 \zm.%mzi$^m^in^ y-:^i^^^ K 
-f^miSl 0 5,'n 0 6;^^5|^g$^^x^/^5. 



mco^fftr-gEB^tt. ::ci±t::A 1 *»b'^css:l^m11-c 
[0 119] ^(DT^-rS«9 9IC>ttl*]i-5*i-|^*tSl 
fliy5»t>.'ic5i^^)«i 1 l*si^B$i^. m^mi 1 iFfltc 

#s ^-f^'v^ 1 1 2*sias$ti/. z.<D± 

iz I TO^O@0J^^*»533&5*Hfil®@l 1 3*SBB«$ 

[0 12 0] ^LT. T WS«9 9i:jy-rS]Sffil 1 3 
^©MtcttffilRliKl 14. 1 1 5S:^U-CffiS/Sl 1 6 
;6StSit$n, ^\zM\^&^i 1 3±i::fl<IS)t«i i 7:is 

10 12 1] m^m 1 1 6 i L-ciiv y-^^^ h • ^-^f- 

[0 12 2] JKSW*^*-Ki L-Ctt, ±i6L 

[01231. m2<r>mtmm) ^2<Dmmmm\-i.. m 

^^-F'tbTEL (electroluminescence) ^•^•SrfflV'* 

[0 1 2 4] roEL^^tt. 02 6i;i^-t-J:5»-:^/7 

;^A>e>^.c5iteiikStg i 0 o±tc:#^s->y (p-si) 
SrSttSl 3 1 i: L-CJi^^^tu. N^^^/VTFTitV 

5. ^iiSfiv-ya:^ (p-Si) itcttK'fkv'y 

:z<o±.Kmti^]) =^>'m^h^j:^mmmmmi 34 

Sr:fr UT#ifeS-> y. = (p-Si) ■ »::®^6<)tc«!K^H5 

y— ;^*3j;o5Ku--i'>'a<ii 3.5, 13 ed^gea^tix 

mi 3 7i)^m3 nm<DmW-X'§im.^t\'. Z(0±\ZA 1 t 
111 3 8;65gag$^^■CV^5„ 

[0 12 5] ^ru-c, mmnM^mm-r^fci^\zmmm 
mm fir ^ y b ^.c mm^^mm rsm 1 

ax® 1 4 0;^l5i^a$^^-C^^?>. Hfdzh-^vaAS 1 4 

s 1 4 1 dsissstb. z<D±\znmTJv:^ V ±m^mt 

I TO^<DSB^^@t oW®frd»^Ji:5* y- Km® 1 
4 2!45iea$ix-Clf^$ix-Cl^2.. 
[0126] /i>--'V/aAM 1 4 0 -^^^t.^ 1 4 1 i 
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lO 1 2 7] 1112 7»±. r.CDEL*^<DtEllSfflfJ58;12|T'fc 

* (R) feffl. ^ (G) ^^ffl. ioiU^W 
(B) feffi©3o<D:/ci >y^-C«^$*v5„ #yn ./^ 

T72t. y 7U;yv'^[H]!S7 3 |gibfflTFT7 4 

EL^^^7 5i:d5^»t^>t^5, 10 
[0 12 81 DRAM7 1 i^SlfflT F T 7 2 f±®5(8-r-^ 

coifs' yw7^fmwodhic\.'=b. m^^. H2 7{46eo 

DRAM7 1 tteS^fflTFT? 2Sr1SX-T*J9, 26=6 4 

[0 12 91 y7Us'^'=.iii^7 3tt. mmw^^M^ 

2oO-f I V3, I V4 t , ^0©C>'1' ^ 

I V3<DA;^^e^^ims<0'r>'^^-^? i V4cot^3;0ffi^^ 
i: ©^B^{cg^i^$^^fc^iJlT F T 7 
^Ti^/^-i? I V4®W;^jjS^F»4. ^fbffl T F T 7 4 ©-^ 
-hiSi^tc^i^^ti. |g»)fflTFT7 4©y-;^j|g^p^r 20 

f±E L^^ 7 5 ;6S«i^$n-Ct^5o 
[0 13 01 y 7l^s/v'3.[5]j^7 3(c:f±. 60(DDRAM7 

1 h te^lffl T F T 7 2 *S3feyiJ{cg!i^ $ *T.-C*J !) . feiUffl. 

TFT 7 2(DV^-rtld^;65:^>'-r5irs J}-JCS:i-5DRAM7 1 

;6SiS^tti $tu-c y 7 u y v-a tugs 7 3 jcA;^ $ 

[0 1 3 1 1 1212 7<DEL*^^SI4, EL^^=-7 50 
5, 6 4 pgW^^SrfT 5 HI 2 8 tc^-fJ: 5 

OUSB^^)' ©it^Sr. 1 : 2 : 4 : 8 : 16 : 32lC-f-5, 

[0132] B12 8 AI4ili^T="— ^ (1, 1, 1, 1, 1. DOM 

E12 8 Bfipi^x— ^S'd.o, 1,0, 1, i)cc>iii*<D^-a- 
SrCajttT. ^pi^<DEL*^-;ei5|l^ic:,^fl-r5MKS:i « 
7 1^— Ate j^fc ?) 0^ Lfct)0-e*>5o 

[0 13 31 IJAT. 02 7<DEL«^3iBO«lf^S:lftPJ 
■f-S. ^-f. KMWi~W(i+5)Srlliic::!j-VLfc:t^fi| 
T% t*-;/ hi^»c-7'-<?$:m[c:«^i-5:ii:»CJ;?), DRAM 

[0 1 3 41 DRAM 7 1 '^Or'-^Stji^^Si^T-tS 

*J«S Ai~SA(i+5)Sr*Jt»-r^:iiiCj:t?\ 6 
owfei^fflTFT 7 2Sr-o-fo)ilil;:;*->-$-ti:^, J: 9 
:i.#:6«)tc(4. f-y^u—Am^^itC, Sil^fflTFT7 

2 SrJifcSSt- 5. so 
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[0 13 51 rnf-it), :ri/LfcteiifflTFT 7 2{' 
S^$^^/cDRAM7 KDy'-^ami^VyUyiyzum^? 

T-fe I? . 'Jf 31T F T 7 6 14:^-7 LTV^So 
[0 13 61 ^>:IC, Sy^i^A^n-^^/ViCL-CiSjlT 
FT7 '6^;i->'$-&.2.o rtuJciU, y 7 u-y v-^HISg 

7 3 -e y 7 u y 

[01371 maStt^i^Jif4. El 2 8 A t ISlJlSS 

y ^ws/v-aiggs? 3®m;^jds^w u-<;V'X-hiti 

mSsmTFT? 4*^:t>'{^. 02 8A©||fe«KI® 
Fb^. E L 7 5 ^5,^*11-2)0 
[01381 DRAM 7 1 tCjiflSx-^ 5r*# iitf -Y 5 V 
ELm^7 5©5l^i5'-r 5 Vi/{4, — il?) ;^:ttT*J4 
5fc<, M^tS. EI2 9Af4EL 

m^ 7 5 CD^Jfe^Rg t f4SiJfli}CDRAM 7 1 ©x-i^HffW 

[0 13 91 Kfc, 02 9 B(4EL^^7 ScD^^tfflFsl 

5, |g3tWFp^4'tC7^-i5'<OH«fSrtT5(c(4. m^t£. m 

[0 14 01 ^fcx 02 9Cf4EL^^^7 5©^tT^W 
i:DRAM7 1 <D^—^^mt ^mitm^-^ ^ >'i^X-ff^£ O 

5 t-f-Cl-teilfe^TFT 7 2 ^:^7L.-CDRAM7 1 hD7 
l^S/v'3.|H]gS7 3 tSr:J>ilbTDRAM7 1 0Dx-^3Ei&fSr 

J4^<3fi35:{w^^yH«ftri-5r t^s-HItgt'fcSo BP 
*>v teji^^TFT7 2-{;iJ: t)DRAM7 iromjEESry 7U'5' 

IStt-fk t b^J^i* S A i n - i^^MzTi n -;/ ^ 
^i*5o ^?tv— '>-v;5<.t7«^yH«fV-'^v;^Sr^< 

[0 1 4 11 02 9 Ait) t>02 9 B<0:fydS^7t»ra^ 
ft<T't. ^fc. 02 9BJ;!?t.0 2 9C(0;^;45^3tM 

[01421 ^^l&BMXii. DRAM y^u-yVr^IslSgi: 
roSrfflv^fcds, DRAM7l(OffeSU'^/i'SriSit®i-5^Sg&-W 
[01431 

[^BJcDgJi^l £i±i¥JNBm?^ LtcX 0 *lgP^le J; 
tLfi, ^W.<r> If s' h y T- 1 ®*$r1«fiS; L, 1 f y 

(0 14 41 ffiao^^iS 
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[0 14 51 5iJy-m^tSit5fc:J6. *IP^^ 

[0 14 6] ^fc, »g^i-2> 1 t'y h/^y.-^. 
.[|gIfficDiSjWj:5ji5^1 

[mi] ;4^?g?^Jc#5JSS^^3SiSo-l5Jfe?^<i<o«t«S 
[0 2] 1 iii^^)-<o«iit?r^-t-|llc • ; 

[031 =S-i!JiB3S^*^<0ffiiBS*S RGB 5 M 

[134] ®^Tw-rifeijii)a<oiHi8Sit^s:^i-ycis/^ 

[051 ^*y.-fe>'H lJlia<DIiIK«j*SrJ;»)3¥.L<^ 

[ la 6 ] r fcsRAM.t ^tts'teE^ ^tSJt fciij^g; 

[11171 -sr7- mi«it©i5igsEio 
[IDS] -ay- m«5t^^Bj-t-?)ii]o 

[11191 x-i?i^^:@14^JWi^P+. P-^*^-r-50y. 

[mi 0] VRAM4 i:yRAM3 V h n — 7 5 S:!7V^S/:/tC 
* t^J^c-f'-f ;^:7'W ha — 7ro>rn •;/i?m. 
[mi 1] T-^D ^/^s/^r ■C^'<>'l'V'7 hi-?>^»JS:^ 

i-m. 

[mi 2] /hs^sjc^m-rsT-t-o^^/^s/^T 5 i<o# 
Sr^i-mo • . ■ 

[mi 3] U"</W7^©— CTSr^-flilKmo 

[mi 4] mi 3oiHi^(DAai;^«?f^sr^-rm« 
(mi 5] T-roif^<.yyr 5 1 ii)a©f^*B?ip8sm. 
[mi 6] T•^-a^^^s'7rcoA^*e*)«^KS:^-rIH]ss 
m. 

[mi 7] 1 f-;/ h^^y 0D«5t5r^-f-mo 

[mi 8 1 m 1 7 CODRAM7 l^JfCO^'T 5 ^'^^mo, 
(mi 9] ^^y^«s:Sr»tm^2>»-^i:. tr^^T-* 

[0 21 



m;^3S:J:b$4bfcm. 
[02 01 DRAM7 iflfit©! l^y * y Sr^lJffl LTH 

[0211 DRAM 7 1 WMOyi :t D Srp^ UTW^T W 

0 y ^ 00 

[02 2 1 02 1 tc:t5»t5-«:T^pi^©«lBS1ififeSr^-f- 
10 mo 

[02 31 02 1 l;i4b*(t^%S%^^e(^f(ll&^^0. 

[0241 021 \zis\iim^m7^mft-(osmf^ 5 >- 

j/Sr;^-t-m. 

[0251 DRAM 7 1 flSit©;' ^ y Srf<Jffl LTH*T W 

-T:^ a y ^ mo 
(0 2 6 1 E L*^ ©mil&»rffimo 

[02 7] :^?&m\z.^^m^mwi<om2<omMmm^^ 

i-«lli&«j*0o 

20 [m2 8] ^U— AtcDgg#Sr^-t-0o 
[02 9 1 «3tJSrai:7'-4'Hfr»FBli(DM#.=S:^i- 

00 

[i??-i-oiji?^] 

1 ®3STU--Y^ 

2,. 3. T Kl^^v^:^' — ^ 

4 ^S^^^y (VRAM) 

5 VRAMaVhn — 7 

6 CPU 

7 JlffllHlSS 

30 1 i ^^^y-fe/w 

i 2 y'-f'X::^^. 
.13. fc'5/ hil^lEiillHliSS 

14 y- vmmwim^ 

16 fr/o s/^-tu^'^ 
1 7 h 



[03] [mi 3] 
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IN f 



/spl 
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me] 
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IV3 




07 



WMtt ! 




55 



(0/BV) . (2/3V) 



[@7] 



[mi 6] 




B 



Vdd 



INH 
Vbi 




Vret 



GND 



[ma] 



I 



=5 



15^ 



5=5 



IS 



55=5" 



1^1— I 



=5 



^15 
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Wiv 
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W4 



P- 



im9] 

A 



mi 4] 



900 




SWi:ON 



5W2:0FF 




2t)Q IN 



300 400 / 

■ TIME Cn scc) 



600 
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101 
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CO 



CPU- 



VRAM 



46 
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RFO 



43 
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l/F 
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[Ell 71 

A B C 



SRAMgCFULL CMOS) . - miOm ^ " DRAMS 




(lili 8] 



wi n ^ . 

Wl n ^ ; 

«*« n tf^i^^^^^ami^ty^M ■ 

^ nn n nn n n n n n q- 

n n_ :j\ n 

8« . . _n \ n n tl 

. _n n n n_ 

■ - . n n n a 

COM 1 I I 

« ' r — 1 i u 

VDD " L .. I I I 

V8S [_ \ ; 1 I 



• IEI241 
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[Ell 91 



A. ^IBWIA 





P 
u 
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;V 
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Ltl= 
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Q . 


w 




I 



iitHtiBSintlL'Kli 

IgfiBilSliili 

■titiOMSiSnuWii 

:|giiiiS]|giiiBiii 



H'\POUMdMfi 



9-K xZ,P0U2,Vdd,Vss 



[ISI2 p] 
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3 XTKOXT^a— y 1 @i3fe7U<fiP 
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[1112 5] 








•f 5|| XC 








SYSCLK^.Mirt, 



V0D(3V) 
VSSCONO). 



[ISI2 6] 
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12 8] 



Atmii i;2:4:b: 1 6:32<oit 




sf T 8f2 sf3 $f4 Sf5 



sf6 



B 



sf 1 8f2 sf3 sf4 sf5 



sf6 
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m2 9] 



1. tem 



II I I 



8ms 



Baa 



2. rnxmiz^-nmrn 



www I 



i I I 



B 



^-Momnw- 



3. iiamtfiFWf-vBt^imti, 




[ffitiiBl ¥^1 4^2^ 2 8 0 (2002. 2. 2 
8) 

[#!^*liEll- 



^ ©MS B (Most Significant Bit) fill© t's^ H^lMJCj^i" 
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tern 2 wmmmm t. ^su- vmicmm^fircm 3 1'j 

t. SrWU miS^l~m4S'm^P(^<^-5rtv-etuf4. 

(If 1 0 ] mmc^m^fitc^w^cD i if ^ h p< ^ y 

— o<Dhu|E llfs'N^^yi. m'^^(0'pf£ < 1 1>— o 
« 1 0 jrlEifeOT^^SIiB. 

[ft 1 2' ] mie 1 f> h ^ ^ y ©ps^-r sis^iBt? 

1 tf;/ M^y Stfeffloffl^cOafrlEl If s' h^^y 
^^(omUW^o) 1 tr-y H^:^ y ©ffi«^isv^{c^5io 

1.3 ] wm^m^^titLWk<r> i)fyv^^ y . 

H^^yjCjitJSbT^CttKSiii^S^i:, ^®:wMl 

IBl h's' hp«* yoBgi^f»#i&sfTt)tu5r irt^^gtiii- 
[ifjJtJSl 4] mfm\'P-YUlimn^in^^l-)i\^h' 
li^ S ^ 2 :^ IS) ic^ij^ $ 5 ^^(^■7= - t , 
$yi^^t*»c;£;i;T> SulEx-^^i^irMIBi t's/ h7<^y 



s«iEH^7'-<5'Sri^>-7'y vt/i-si^i^T/y v-^ast, 

-.:?§:^.if.-t-5^<^ya5i. mrtE^'T-i^lciK-rJv^T 

i^$n5n (n^l) <@(D^liiJ*^iii*i:^ Il2x— 
^'^fcg|i^$^x5Huf2ne<D||2SiJ*^iiif!li, ^-^tf 

FBlft$;iWj:oTV>-5r.tSr#mi:-r5»*«l 5»cf5 

BS 1 .5 \Z:^isL<o^7Fmm^ 

fi^B^T't'S^tSc® E L (electroluminescence)' 

1 9 1 -x- h y i^;^4^c»;igES$HfcPf*F*5{c. ® 
liT-'-i? =^i!^l^-r sttSito 1 1' s/ h ^ ^ y <!: . tfjtsaic 
ojllfs/h^^y (D'tix-etvofltf-fS tT;^W*fcf±* 
$^xSEL«T-ir. mmmWfO 1 • t' -y b -r- 

iBE L^^^ictti^-r?. i h t -rsa^^So 

DRAMroSJEu^.'uSrMH-r?) y 7U2/v'3.iH]8g^BtifSiii 
*rt{^il^5ri:4r#^i:i-5t«*«l 9Jc|E«©«^ 
^Bi ' • 

lf)l*«2 11 MlEy ^Us/v^zilelgSJi. S9fB«J$lH]K 
Sr5lftia5 w i: Sr#8i i i-5gf 20 IcIE«©«,t^^ 
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